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®  Apparatus  for  measuring  the  actual  psycho-physiological  condition. 
@  Apparatus  for  measuring  the  actual  psycho-  with  sa 
physiological  condition  of  a  subject,  characterized  by:  a  case  respecti 
(10)  to  be  held  in  hand;  sensors  (22,  24)  engaging  fingers  said  bio 
holding  the  case  (10)  to  detect  skin  conductance;  a  pulse  : 
sensor  (20)  engaging  a  finger  holding  the  case  (10);  a 
keyboard  (26)  arranged  in  a  surface  of  the  case  (10)  with 
identical  keys  (30,  32,  34,  36);  a  display  (28)  arranged  in  said 
surface  with  display  segments  (38,  40,  42,  44)  associated  with 
respective  ones  of  said  keys  (30,  32,  34,  36);  a  block  arranged 
for  determining  the  actual  emotional  condition  which  com- 
prises:  a  skin  conductance  measuring  block  connected  to 
said  sensors  (22,  24),  a  feedback  unit  for  delivering  an 
indication  for  said  subject  in  response  to  actual  skin  conduct- 
ance  values;  a  block  for  determining  the  actual  mental 
condition  which  comprises:  a  pulse  source  for  providing 
light  pulses  on  said  display  segments  (38,  40,  42,  44)  in  a  • 
random  distribution,  an  audio  signal  source  (46)  providing 
audio  signal  together  with  selected  ones  of  said  light  pulses  26-̂  
according  to  a  random  selection,  a  means  for  detecting  the  j 
simultaneous  activation  of  a  pair  of  associated  key  and  | 
display  segment;  a  block  for  determining  the  actual  physical 
condition  which  comprises:  a  heart  rate  measuring  means 
associated  with  said  pulse  sensor  (20),  a  means  for  determin- 
ing  the  efficiency  of  repeated  physical  exercises  made  by 
said  subject;  and  an  arithmetical  and  logical  unit  associated 

with  said  condition  determining  blocks  for  determining 
respective  weighted  sums  of  measuring  results  provided  by 
said  blocks. 
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5  A p p a r a t u s   f o r   m e a s u r i n g   m e   ac-uuai.  p s y c h o -  

p h y s i o l o g i c a l   c o n d i t i o n  

The  i n v e n t i o n   r e l a t e s   to  t h e   f i e l d   of  b i o p h y s i c a l  

,C  e x a m i n a t i o n s ,   more  p a r t i c u l a r l y   to  a  m e t h o d   ana  a p p a r a t u s  

f o r   m e a s u r i n g   t h e   a c t u a l   p s y c h o p h y s i o l o g i c a l   c o n d i t i o n  

of  a  s u b j e c t .   Under   t h e   t e r m   " p s y c h o p h y s i o l o g i c a l   c o n d i -  

t i o n "   t h e   c o m p l e x i t y   of  t h e   a c t u a l   e m o t i o n a l ,   m e n t a l  

and  p h y s i c a l   c o n d i t i o n s   i s   u n d e r s t o o d .  

L5  I t   has   t e e n   e x p e r i e n c e d   f o r   a  l o n g   p e r i o d   o f  

t i m e   t h a t   t h e   f i t n e s s   or  p r o d u c t i v i t y   of  t h e   p e o p l e   h a s  

a  f l u c t u a t i n g   c h a r a c t e r   and  t h i s   f l u c t u a t i o n   i s   o f t e n  

a t t r i b u t e d   to  p e r i o d i c   c h a n g e s   e x p e r i e n c e d   in   t h e  

e m o t i o n a l ,   m e n t a l   and  p h y s i c a l   s p h e r e s .   T h e r e   a r e  

10  h y p o t h e s e s   w h i c h   t r y   to  t e a c h   t h a t   s u c h   f l u c t u a t i o n s  

a r e   p e r i o d i c a l   w i t h   d i f f e r e n t   p e r i o d   t i m e s   and  p h a s e s ,  

and  t e s t s   a re   p r o v i d e d   w h i c h   i n d i c a t e   w h e t h e r   in  a  

g i v e n   moment  a  p a r t i c u l a r   s u b j e c t   i s   in   more  or  l e s s  

f i t   c o n d i t i o n .   A l t h o u g h   s u c h   t h e o r i e s   l a c k   s c i e n t i f i c  

25  b a s i s ,   t h e   f l u c t u a t i o n   of  t h e   p s y c h o p h y s i o l o g i c a l   c o n d i -  

t i o n   s h o u l d   be  a c c e p t e d   to   be  an  e x p e r i m e n t a l   r e a l i t y ,  

and  t h e   i n d i c a t i o n   of  t h e   d e g r e e   of  s u c h   a  c o n d i t i o n  

may  be  b e n e f i c i o u s   f o r   many  i n d i v i d u a l s .  

T h e r e   a r e   s e v e r a l   ways   f o r   t h e   m e a s u r e m e n t   o f  

50  t h e   a c t u a l   e m o t i o n a l ,   m e n t a l   or  p h y s i c a l   c o n d i t i o n s ,  

t h e s e   ways  a r e ,   h o w e v e r ,   v a l i d   u n d e r   c e r t a i n   c i r c u m -  

s t a n c e s   o n l y ,   i . e .   t h e y   a re   no t   t r u e   f o r   t h e   w h o l e  

p o p u l a t i o n   and  a r e   n o t   r e p r o d u c a b l e   i . e .   n o t  

s u f f i c i e n t l y   o b j e c t i v e .   In  a d d i t i o n   to   s u c h   l i m i t a -  

55  t i o n s   t h e s e   m e a s u r e m e n t s   r e q u i r e   s p e c i a l i s e d  

i n s t r u m e n t a t i o n .   The  i n s t r u m e n t s   u s e d   f o r   s u c h  
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p u r p o s e s   a r e   b u l k y ,   e x p e n s i v e   and  no t   e a s i l y   t r a n s p o r t -  

a b l e   . 
T h e r e   i s   a  d e f i n i t e   n e e d   f o r   a  s m a l l - s i z e d  

p o r t a b l e   i n s t r u m e n t   w h i c h   can  i n d i c a t e   t h e   d e g r e e  

5  of  t h e   a c t u a l   p s y c h o p h y s i o l o g i c a l   c o n d i t i o n   of  a  

s u b j e c t   w h i c h   s u p p l i e s   o b j e c t i v e   and  r e p r o d u c a b l e  

q u a l i f i c a t i o n s   and  d o e s   no t   r e q u i r e   a  h i g h   d e g r e e   o f  

s k i l l   f r o m   t h e   u s e r .  

The  m e a s u r e m e n t   of  t h e   e m o t i o n a l   c o n d i t i o n  

10  i s   g e n e r a l l y   r e l a t e d   to   s k i n   c o n d u c t a n c e   m e a s u r e m e n t s .  

A l t h o u g h   t h e r e   a r e   s e v e r a l   ways  f o r   m e a s u r i n g   t h e  

s k i n   c o n d u c t a n c e ,   t h e y   a l l   have   some  d i s a d v a n t a g e s .  

The  m a i n   p r o b l e m   l i e s   in  t h a t   d i r e c t   c u r r e n t   s e n s o r s  

a r e   g e n e r a l l y   no t   u s a b l e ,   b e c a u s e   t he   d i r e c t   c u r r e n t  

15  f l o w i n g   t h r o u g h   a  p o r t i o n   of  t h e   human  body   t e n d s   t o  

c a u s e   p o l a r i z a t i o n   p h e n o m e n a   in   t h e   p a r t i c u l a r   b o d y  

a r e a   w h i c h   can  f a l s i f y   t h e   r e s u l t .   In  o r d e r   to   o v e r c o m e  

t h e   p o l a r i z a t i o n   p r o b l e m s ,   a l t e r n a t i n g   s i g n a l s   a r e  

u s e d   f o r   s k i n   c o n d u c t a n c e   d e t e c t i o n .   The  p r o c e s s i n g  

20  of  AC  v o l t a g e s   has   i t s   own  d r a w b a c k s   w h i c h   l i e   m o s t l y  

in  t h e   r e d u c e d   s e n s i t i v i t y .  

D u r i n g   p h y s i c a l   c o n d i t i o n   m e a s u r e m e n t s   t h e  

h e a r t   r a t e   of  a  s u b j e c t   i s   o f t e n   m e a s u r e d .   S u c h  

m e a s u r e m e n t s   a r e   made  g e n e r a l l y   by  means   of  p u l s e  

25  s e n s o r s   i n c l u d i n g   a  l i g h t   e m i t t i n g   d i o d e   and  a  l i g h t  

s e n s i t i v e   t r a n s i s t o r   a r r a n g e d   to   g i v e   p l a c e   f o r   a  f i n g e r  

t h e r e b e t w e e n .   When  t h e   hand   of  t h e   s u b j e c t   i s   m o v e d  

( w h i c h   i s   g e n e r a l l y   t h e   c a s e   d u r i n g   a  p h y s i c a l   c o n d i -  

t i o n   t e s t )   ,  t h e   b l o o d   s t r e a m   t h r o u g h   t h e   f i n g e r   v a r i e s  

30  w i t h i n   w ide   l i m i t s ,   and  u n d e r   h i g h l y   c h a n g i n g   c i r c u m -  

s t a n c e s   i t   i s   h a r d   to  o b t a i n   u n i f o r m   d e f i n i t e   p u l s e  

s i g n a l s .   I t   i s   o f t e n   e x p e r i e n c e d   t h a t   t h e   p u l s e   s i g n a l  

g e t s   n o i s y   or  f a d e s   away  when  t h e   s u b j e c t   i s   m o v i n g ,  

w h i c h   makes   s u c h   t e s t s   d i f f i c u l t .  

35  I t   i s   a  f i r s t   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   an  a p p a r a t u s   w h i c h   can   o b j e c t i v e l y   d e t e r m i n e  
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a l l   f a c t o r s   of  t h e   a c t u a l   p s y c h o p h y s i o l o g i c a l   c o n d i -  

t i o n   on  t h e   b a s i s   of  o b j e c t i v e   m e a s u r e m e n t s ,   w h i c h  

i s   s u f f i c i e n t l y   s m a l l   to   be  h e l d   in   hand  and  w h i c h  

can  be  h a n d l e d   e a s i l y .  

5  F u r t h e r   o b j e c t s   of  t h e   p r e s e n t   i n v e n t i o n   l i e  

in   t h a t   n o v e l   m e t h o d s   and  a p p a r a t u s   s h o u l d   be  made  f o r  

t h e   p a r t i c u l a r   c o n d i t i o n   m e a s u r e m e n t s   w h i c h   can  be  u s e d  

t o g e t h e r   as  f a c t o r s   of  a  c o m p l e x   p s y c h o p h y s i o l o g i c a l  

m e a s u r e m e n t s ,   or  can   be  u s e d   in  t h e m s e l v e s   f o r  

10  p a r t i c u l a r   c o n d i t i o n   m e a s u r e m e n t s   s u c h   as  t h e   m e a s u r e m e n t  

of  m e n t a l ,   e m o t i o n a l   and  p h y s i c a l   c o n d i t i o n s .  

A  f u r t h e r   o b j e c t   of  t h e   i n v e n t i o n   l i e s   i n  

p r o v i d i n g   an  i m p r o v e d   a p p a r a t u s   f o r   d e t e c t i n g   s k i n  

c o n d u c t a n c e ,   w h i c h   can  h i g h l y   f a c i l i t a t e   t h e   e m o t i o n a l  

15  c o n d i t i o n   m e a s u r e m e n t s .  

A  s t i l l   f u r t h e r   o b j e c t   of  t h e   i n v e n t i o n   l i e s   i n  

p r o v i d i n g   a  n o v e l   c i r c u i t   a r r a n g e m e n t   f o r   h e a r t   r a t e  

m e a s u r e m e n t s   w h i c h   can  p r o v i d e   a  u n i f o r m   d e t e c t i n g  

s e n s i t i v i t y   e v e n   i f   t h e   hand  i s   m o v e d ,   w h e r e b y   t h e  

20  p h y s i c a l   c o n d i t i o n   t e s t s   a r e   f a c i l i t a t e d .  

A c c o r d i n g   to   a  f i r s t   a s p e c t   of  t h e   i n v e n t i o n  

an  a p p a r a t u s   i s   p r o v i d e d   f o r   m e a s u r i n g   t h e   a c t u a l  

p s y c h o p h y s i o l o g i c a l   c o n d i t i o n   of  a  s u b j e c t   w h i c h  

c o m p r i s e s :  

25  -  a  c a s e   to   be  h e l d   in  h a n d ;  

-  s e n s o r s   e n g a g i n g   f i n g e r s   h o l d i n g   t h e   c a s e   to  d e t e c t  

s k i n   c o n d u c t a n c e ;  

-  a  p u l s e   s e n s o r   e n g a g i n g   a  f i n g e r   h o l d i n g   t h e   c a s e ;  
-  a  k e y b o a r d   a r r a n g e d   in   a  s u r f a c e   of  t h e   c a s e   w i t h  

30  i d e n t i c a l   k e y s ;  

-  a  d i s p l a y   a r r a n g e d   in   t h e   s u r f a c e   w i t h   d i s p l a y  

s e g m e n t s   a s s o c i a t e d   w i t h   r e s p e c t i v e   o n e s   of  t h e   k e y s ;  

-  a  b l o c k   f o r   d e t e r m i n i n g   t h e   a c t u a l   e m o t i o n a l   c o n d i -  

t i o n   w h i c h   c o m p r i s e s :  

35  -  a  s k i n   c o n d u c t a n c e   m e a s u r i n g   b l o c k   c o n n e c t e d  

to   t h e   s e n s o r s ,  
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f o r   t h e   s u b j e c t   in   r e s p o n s e   to   a c t u a l   s k i n  

c o n d u c t a n c e   v a l u e s  

-  a  b l o c k   f o r   d e t e r m i n i n g   t h e   a c t u a l   m e n t a l   c o n d i t i o n  

5  w h i c h   c o m p r i s e s :  

-  a  p u l s e   s o u r c e   f o r   p r o v i d i n g   l i g h t   p u l s e s   o n  

t h e   d i s p l a y   s e g m e n t s   in  a  r a n c o m   d i s t r i b u t i o n ,  

-  an  a u d i o   s i g n a l   s o u r c e   p r o v i d i n g   a u d i o   s i g n a l  

t o g e t h e r   w i t h   s e l e c t e d   ones   of  said,   l i g h t  

.0  p u l s e s   a c c o r d i n g   to  a  r andom  s e l e c t i o n ,  

-  a  means   f o r   d e t e c t i n g   t h e   s i m u l t a n e o u s   a c t i v a -  

t i o n   of  a  p a i r   of  a s s o c i a t e d   key  and  d i s p l a y  

s e g m e n t   , 
-  a  b l o c k   f o r   d e t e r m i n i n g   t h e   a c t u a l   p h y s i c a l   c o n d i t i o n  

L5  w h i c h   c o m p r i s e s :  

-  a  h e a r t   r a t e   m e a s u r i n g   means   a s s o c i a t e d   w i t h  

t h e   p u l s e   s e n s o r ,  

-  a  means   f o r   d e t e r m i n i n g   the   e f f i c i e n c y   o f  

r e p e a t e d   p h y s i c a l   e x c e r c i s e s   made  by  t h e  

20  s u b j e c t ,   a n d  

-  an  a r i t h m e t i c a l   and  l o g i c a l   u n i t   a s s o c i a t e d   w i t h   t h e  

c o n d i t i o n   d e t e r m i n i n g   b l o c k s   f o r   d e t e r m i n g   r e s p e c t i v e  

w e i g h t e d   sums  of  m e a s u r i n g   r e s u l t s   p r o v i d e d   by  t h e  

b l o c k s .  

25  W h i l e   t h i s   a p p a r a t u s   i s   c a p a b l e   of  m e a s u r i n g   t h e   t h r e e  

s p h e r e s   of  t h e   p s y c h o p h y s i o l o g i c a l   c o n d i t i o n ,   n a m e l y  

t h e   e m o t i o n a l ,   m e n t a l   and  p h y s i c a l   o n e s ,   t h e   i n d i v i d u a l  

b l o c k s   a s s o c i a t e d   w i t h   t h e   r e s p e c t i v e   s p h e r e s   can  b e  

u s e d   a l s o   as  i n d e p e n d e n t   i n s t r u m e n t s   f  or  m e a s u r i n g   t h e  

50  p a r t i c u l a r   c o n d i t i o n .  

A c c o r d i n g   to   a  f u r t h e r   a s p e c t   of  t h e   i n v e n t i o n  

a  m e t h o d   has   b e e n   p r o v i d e d   f o r   d e t e r m i n i n g   t h e   c a t h e g o r y  

l e v e l   of  t h e   a c t u a l   e m o t i o n a l   c o n d i t i o n   of  t h e   s u b j e c t ,  

w h i c h   c o m p r i s e s   t h e   s t e p s   of  i n d u c i n g   t h e   s u b j e c t   t o  

35  p e r f o r m   an  a u t o g e n   t r a i n i n g   b a s e d   on  a  b i o f e e d b a c k   i n  

w h i c h   he  or  she  a l r e a d y   has   at   l e a s t   some  e x p e r i e n c e  
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in   a  f i r s t   p h a s e   f o r   a  p r e d e t e r m i n e d   t i m e   c o u n t e d  

f r o m   a  s t a r t i n g   m o m e n t ,   r e c o r d i n g   a  r e p r e s e n t a t i o n  

of  t h e   f e e d b a c k   v a l u e   in  s a i d   s t a r t i n g   m o m e n t ,   g i v -  

i n g   a  t a s k   f o r   t h e   s u b j e c t   t h a t   in  t h e   f i r s t   p h a s e  
5  a  r e l a x e d   c o n d i t i o n   s h o u l d   be  r e a c h e d ,   r e c o r d i n g  

t h e   a c t u a l   v a l u e   of  t h e   f e e d b a c k   r e p r e s e n t a t i o n  
in  t h e   e n d i n g   moment  of  t he   f i r s t   p h a s e ,   c a r r y i n g  
ou t   t h e   a u t o g e n   t r a i n i n g   in  a  s e c o n d   p h a s e   i m m e d i a t e l y  

f o l l o w i n g   t h e   f i r s t   p h a s e   f o r   a  s e c o n d   p r e d e t e r m i n e d  
10  t i m e ,   in  w h i c h   g i v i n g   a  t a s k   f o r   t h e   s u b j e c t   t o  

r e a c h   an  a c t i v e   c o n d i t i o n ,   r e c o r d i n g   the   f e e d b a c k  

r e p r e s e n t a t i o n   in  t h e   end  moment  of  t he   s e c o n d   p h a s e ,  
and  d e t e r m i n i n g   t he   c a t h e g o r y   l e v e l   on  t h e   b a s i s   o f  

a  l i n e a r   c o m b i n a t i o n   of  t he   r e l a t i v e   c h a n g e s   of  t h e  

15  r e c o r d e d   f e e d b a c k   r e p r e s e n t a t i o n s   d u r i n g   t h e   p h a s e s .  

A c c o r d i n g   to  a  f u r t h e r   a s p e c t   of  t h e   i n v e n t i o n  

a  m e t h o d   has   b e e n   p r o v i d e d   to  d e t e r m i n e   t h e  

a c t u a l   m e n t a l   c o n d i t i o n   of  a  s u b j e c t ,   c o m p r i s i n g  

t h e   s t e p s   of  p r o v i d i n g   a  r andom  s e q u e n c e   of  a  p r e -  
20  d e t e r m i n e d   number   of  l i g h t   s i g n a l s   f o r   t h e   s u b j e c t ,  

in   w h i c h   t h e   l i g h t   s i g n a l s   a re   a l l o c a t e d   to   a  p r e -  
d e t e r m i n e d   number   of  d i s p l a y   s e g m e n t s   in  a  r a n d o m  

d i s t r i b u t i o n   w i t h   u n i f o r m   p r o b a b i l i t y   of  a c t i v a t i n g  

any  of  t h e   s e g m e n t s ,   t h e s e   s e g m e n t s   have  i d e n t i c a l  

25  s h a p e s   and  e a c h   of  them  is   a s s o c i a t e d   w i t h   r e s p e c t i v e  

k e y s ,   i n s t r u c t i n g   t h e   s u b j e c t   to  p u s h   t he   key   a s s o c i a t -  

ed  w i t h   t h e   f l a s h i n g   one  of  t he   s e g m e n t s   when  t h e  

f l a s h i n g   i s   p e r c e p t e d ,   p r o v i d i n g   a c o u s t i c a l   s i g n a l s  

t o g e t h e r   w i t h   s e l e c t e d   o n e s   of  t h e   l i g h t   s i g n a l s  

30  a c c o r d i n g   to   a  r a n d o m   s e l e c t i o n ,   i n s t r u c t i n g   t h e  

s u b j e c t   no t   to  p u s h   any  key  when  an  a c o u s t i c   s i g n a l  
i s   p e r c e i v e d ,   m e a s u r i n g   t he   sum  of  r e a c t i o n   t i m e s  

d e f i n e d   b e t w e e n   t h e   m o m e n t s   of  t h e   e s t a b l i s h m e n t s  

of  t h e   l i g h t   s i g n a l s   and  t h e   m o m e n t s   of  p u s h i n g   t h e  

35  a s s o c i a t e d   k e y ,   m e a s u r i n g   t h e   numer   of  r i g h t   p u s h i n g  

m o v e m e n t s   and  t he   n u m b e r   of  e f f e c t i v e   a c o u s t i c   b l o c k -  
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i n g s ,   and  t h e   m e n t a l   c o n d i t i o n   i s   c a t h e g o r i z e d   a c c o r d -  

ing  to   t h e   r e l a t i o n   of  a  w e i g h t e d   sum  of  t h e   t h r e e  

m e a s u r e d   v a l u e s   to   p r e d e t e r m i n e d   t r e s h o l d   v a l u e s .  

In   a  f u r t h e r   a s p e c t   of  t h e   i n v e n t i o n   a  m e t h o d  

5  has  b e e n   p r o v i d e d   f o r   d e t e r m i n i n g   t h e   c a t h e g o r y   l e v e l  

of  t h e   p h y s i c a l   c o n d i t i o n   of  a  s u b j e c t ,   c o m p r i s i n g  

t he   s t e p s   of  i n s t r u c t i n g   t h e   s u b j e c t   to  p e r f o r m   a  

r e p e t i t i v e   s e q u e n c e   of  p r e d e t e r m i n e d   g y m n a s t i c a l  

e x c e r c i s e s   w h i c h   i m p o s e   a  p h y s i c a l   l o a d ,   s e n s i n g   t h e  

10  o c c u r r e n c e   of  e a c h   e x c e r c i s e ,   d e t e c t i n g   t h e   h e a r t   r a t e  

of  t h e   s u b j e c t ,   r e c o r d i n g   t h e   h e a r t   r a t e   in   t he   e n d  

moment  of  s a i d   s e q u e n c e ,   i n s t r u c t i n g   t h e   s u b j e c t  

f o l l o w i n g   t h e   end  moment   to  r e l a x   f o r   a  p r e d e t e r m i n e d  

t i m e ,   r e c o r d i n g   t h e   h e a r t   r a t e   v a l u e   in  t h e   end  m o m e n t  

15  of  t h e   r e l a x a t i o n   p e r i o d ,   and  p r o v i d i n g   t h e   w e i g h t e d  

sum  of  t h e   e f f i c i e n c y   of  t h e   a c c o m p l i s h m e n t   of  t h e  

e x c e r c i s e s ,   of  t h e   f i r s t   r e c o r d e d   h e a r t   r a t e ,   and  o f  

t he   r e l a t i v e   d e c r e a s e   of  t h e   h e a r t   r a t e   d u r i n g   t h e  

r e l a x a t i o n   p e r i o d   to  d e f i n e   a  v a l u e   c h a r a c t e r i s t i c   t o  

20  t he   a c t u a l   l e v e l   of  t h e   p h y s i c a l   c o n d i t i o n .  

A c c o r d i n g   to   an  o t h e r   a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n   a  c i r c u i t   a r r a n g e m e n t   has   b e e n   p r o v i d e d   f o r  

m e a s u r i n g   t h e   s k i n   c o n d u c t a n c e ,   c o m p r i s i n g   a  p a i r   o f  

s e n s o r s   e n g a g i n g   a  b o d y   s u r f a c e ,   a  r e s i s t o r   w i t h   k n o w n  

25  r e s i s t a n c e ,   a  s w i t c h i n g   means   f o r   a p p l y i n g   a  c o n s t a n t  

d i r e c t   v o l t a g e   a l t e r n a t i v e l y   on  t h e   s e n s o r   or  on  t h e  

r e s i s t o r ,   a  m e a s u r i n g   means   f o r   d e t e r m i n i n g   t he   c u r r e n t  

f l o w i n g   t h r o u g h   t h e   s e n s o r s   and  t h r o u g h   t h e   r e s i s t o r  

u n d e r   t h e   e f f e c t   of  t h e   v o l t a g e ,   and  e v a l u a t i n g   m e a n s  

50  c o n n e c t e d   to  t h e   m e a s u r i n g   m e a n s ,   w h i c h   on  the  b a s i s  

of  t h e   known  r e s i s t a n c e   v a l u e   and  of  t h e   m e a s u r e d   c u r r e n t  

v a l u e s   p r o v i d e s   t h e   r e p r e s e n t a t i o n   of  t h e   c o n d u c t a n c e  

d e f i n e d   b e t w e e n   t h e   s e n s o r s .  

In   a c c o r d a n c e   w i t h   a  s t i l l   f u r t h e r   a s p e c t   of  t h e  

35  i n v e n t i o n   a  c i r c u i t   a r r a n g e m e n t   has   b e e n   p r o v i d e d  

f o r   m e a s u r i n g   t h e   h e a r t   r a t e   of  a  s u b j e c t   c o m p r i s i n g :  
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a  p u l s e   s e n s o r ,   i n c l u d i n g   a  l i g h t   e m i t t i n g   d i o d e   a n d  

a  l i g h t   s e n s i t i v e   t r a n s i s t o r   w i t h   c u r r e n t   d e p e n d i n g  

on  an  i n c i d e n t   l i g h t   f l u x   f r o m   t h e   l i g h t   of  t h e   d i o d e  

f o l l o w i n g   p a s s a g e   t h r o u g h   a  f i n g e r   of  t h e   s u b j e c t ;   a  

5  means   f o r   d e t e r m i n i n g   t h e   c u r r e n t   f l o w i n g   t h r o u g h   t h e  

d i o d e ;   a  c u r r e n t   g e n e r a t o r   c o u p l e d   in   s e r i e s   w i t h   t h e  

l i g h t   s e n s i t i v e   t r a n s i s t o r ;   a  r e g u l a t i n g   means   w i t h   a n  

i n p u t   c o n t r o l l e d   by  t h e   d i f f e r e n c e   of  t h e   c u r r e n t   f l o w -  

ing  t h r o u g h   t h e   t r a n s i s t o r   and  t h e   c u r r e n t   of  t h e   c u r r e n t  

10  g e n e r a t o r ,   t h e   r e g u l a t i n g   means   has   i n t e g r a t i n g   p r o p e r t i e s  

w i t h   a  t i m e   c o n s t a n t   of  a b o u t   1  to   2  s,  t h e   o u t p u t   of  t h e  

r e g u l a t i n g   means   i s   c o u p l e d   to  t h e   c u r r e n t   d e t e r m i n i n g  

means   to  a d j u s t   t h e   c u r r e n t   t h e r e o f .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  c o n n e c t i o n  

15  w i t h   e x e m p l a r y   e m b o d i m e n t s   and  e x a m p l e s   t h e r e o f ,   in   w h i c h  

r e f e r e n c e   w i l l   be  made  to  t h e   a c c o m p a n y i n g   d r a w i n g s .   I n  

t h e   d r a w i n g  

FIG.  1  shows   t h e   p e r s p e c t i v e   v i ew  of  t h e   a p p a r a t u s   a c c o r d -  

i ng   to   t h e   i n v e n t i o n   f o r   m e a s u r i n g   t h e   a c t u a l  

20  p s y c h o p h y s i o l o g i c a l   c o n d i t i o n ,  

FIG.  2  shows   t h e   g e n e r a l   b l o c k   d i a g r a m   of  t h e   a p p a r a t u s  

shown  in   FIG.   1 ,  

FIG.   3  shows   t h e   d e t a i l e d   b l o c k   d i a g r a m   of  b l o c k   100  o f  

EIG.   2 ,  

25  FIG.   4  shows   t h e   d e t a i l e d   b l o c k   d i a g r a m   of  b l o c k   200  o f  

F IG.   2 ,  

FIG.  5  shows   t h e   d e t a i l e d   b l o c k   d i a g r a m   of  b l o c k   300  o f  

FIG.   2 ,  

FIG.   6  shows   a  c i r c u i t   a r r a n g e m e n t   u s a b l e   f o r   m e a s u r i n g  

30  t h e   s k i n   c o n d u c t i v i t y  

FIG.  7  shows   a  c i r c u i t   a r r a n g e m e n t   u s a b l e   f o r   m e a s u r i n g  

t h e   h e a r t   r a t e ,  

FIG.   8  shows   t h e   t i m e   c u r v e   of  t h e   s k i n   c o n d u c t a n c e  

d u r i n g   t h e   e m o t i o n a l   c o n d i t i o n   t e s t ,  

35  FIG.  9  shows   l i g h t   and  key  p u l s e s   v e r s u s   t i m e   u s e d   f o r  

t h e   m e n t a l   c o n d i t i o n   t e s t   ,  a n d  

FIG.   10  shows   t h e   t i m e   c u r v e   of  t h e   h e a r t   r a t e   v a l u e   u s e d  

f o r   t h e   p h y s i c a l   c o n d i t i o n   t e s t .  
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FIG.   1  shows  a  s i m p l i f i e d   p e r s p e c t i v e   v i e w   of  a n  

e m b o d i m e n t   of  t h e   a p p a r a t u s   a c c o r d i n g   to   t h e   p r e s e n t  

i n v e n t i o n .   The  a p p a r a t u s   c o m p r i s e s   a  s m a l l   c o m p a c t   c a s e  

10,   w h i c h ,   d u r i n g   o p e r a t i o n   can  and  s h o u l d   be  h e l d   i n  

5  h a n d .   In   one  s i d e   w a l l   of  t h e   c a s e   10  r e c e s s e s   a r e   m a d e  

f o r   a c c o m o d a t i n g   t h e   f i n g e r s ,   of  w h i c h   r e c e s s e s   1 2 ,  

14-,  16  and  18  a re   shown  in  FIG.  1.  A  r e c e s s   f o r   t h e  

thumb  i s   made  in   t h e   o t h e r   s i d e   of  t h e   c a s e   1 0 .  

A  p u l s e   s e n s o r   20  i s   a r r a n g e d   in  one  of  t h e  

.0  r e c e s s e s   14  w h e r e a s   s e n s o r s   22,   24  f o r   s k i n   c o n d u c t a n c e  

m e a s u r e m e n t s   a re   a r r a n g e d   in  t h e   two  n e i g h b o u r i n g   r e c e s s e s  

16  and  18.  A  p a i r   of  z o n e s   26  and  28  of  e q u a l   d e s i g n   a r e  

p r o v i d e d   one  b e n e a t h   t h e   o t h e r   on  t h e   f r o n t   f a c e   of  t h e  

c a s e   10  and  e a c h   of  them  i s   s p l i t   up  i n t o   f o u r   p a r t s .  

.5  F o u r   i d e n t i c a l   k e y s   30,   32  and  36  a r e   a r r a n g e d   in   t h e  

l o w e r   zone   26  w h i c h   can  be  a c t u a t e d   s e p a r a t e l y .   T h e  

u p p e r   zone   28  c o m p r i s e s   f o u r   i d e n t i c a l   d i s p l a y   s e g m e n t s  

38,   40 ,   42  and  4 4 .  

In  t h e   c o n s t r u c t i o n a l   d e s i g n   i t   i s   of  i m p o r t a n c e  

10  t h a t   t h e   r e l a t i o n s h i p   b e t w e e n   t h e   c o r r e s p o n d i n g   f i e l d s  

in   t h e   two  c l o s e l y   a r r a n g e d   z o n e s   26  and  28  can  b e  

e s t a b l i s h e d   e a s i l y   i . e .   by  a  s h o r t   g l a n c e   w h i c h   m e a n s  

e . g .   t h a t   t h e   f u n c t i o n a l   r e l a t i o n s h i p   b e t w e e n   t h e   key  30  

and  t h e   d i s p l a y   s e g m e n t   38  s h o u l d   be  u n m i s t a k a b l y   e v i d e n t  

25  f o r   any  u s e r .  

An  a p p r o p r i a t e   s o c k e t   i s   a r r a n g e d   in   t h e   u p p e r  

w a l l   of  t h e   c a s e   10  f o r   t h e   c o n n e c t i o n   of  a  h e a d - p h o n e   4 6 .  

For   t h e   s a k e   of  b e t t e r   v i s u a l i s a t i o n   t h e   o t h e r  

h a n d l i n g   means   ( l i k e   t h e   o n - o f f   s w i t c h ,   e t c . )   a r e   n o t  

30  shown  in  FIG.   1.  I t   i s   p r e f e r a b l e   i f   t h e   v a r i o u s   h a n d l -  

ing   o r g a n s   a r e   a r r a n g e d   e l s e w h e r e   t h a n   t h e   f a c e   p l a t e   i n  

o r d e r   t h a t   t h e i r   p r e s e n c e   can  n o t   d i s t u r b   t h e   f u n c t i o n a l  

r e l a t i o n s h i p   b e t w e e n   t h e   f i e l d s   in   t h e   z o n e s   26  and  2 8 .  

F IG.   2  shows  t h e   o v e r a l l   b l o c k   d i a g r a m   of  t h e  

35  a p p a r a t u s   shown  in  FIG.   1.  The  ma in   p a r t   of  t h e   a p p a r a t u s  

i s   f o r m e d   by  a  c e n t r a l   c o n t r o l   and  c a l c u l a t i n g   b l o c k   5 0  
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w h i c h   can   be  d i v i d e d   in   t h r e e   ma in   f u n c t i o n a l   u n i t s  
i . e .   e m o t i o n a l   c o n d i t i o n   e x a m i n i n g   u n i t   1 0 0 ,   m e n t a l  
c o n d i t i o n   e x a m i n i n g   u n i t   200  and  p h y s i c a l   c o n d i t i o n  

e x a m i n i n g   u n i t   $00 .   The  c e n t r a l   c o n t r o l   and  c a l c u l a t i n g  
5  b l o c k   50  can  be  i m p l e m e n t e d   by  a  p r o g r a m m e d   m i c r o p r o c e s s o r .  

A  p u l s e   r a t e   m e a s u r i n g   b l o c k   52  and  a  s k i n  
c o n d u c t a n c e   m e a s u r i n g   b l o c k   60  a r e   c o u p l e d   to   t h e   c e n t r a l  
c o n t r o l   and  c a l c u l a t i n g   b l o c k   50,   and  r e s p e c t i v e   i n p u t s  
of  t h e s e   b l o c k s   52  and  60  a r e   c o u p l e d   to  t h e   p u l s e   s e n s o r  

10  20  and  to  t h e   s e n s o r s   22  and  2 4 .  

A  d i s p l a y   56  c o m p r i s i n g   t h e   d i s p l a y   s e g m e n t s   58 
to  44  in  t h e   zone  28  i s   a l s o   c o u p l e d   to  t h e   c e n t r a l   c o n t r o l  
nad  c a l c u l a t i n g   b l o c k   50.  The  h e a d - p h o n e   46  i s   c o n n e c t e d  
t h r o u g h   an  a c o u s t i c   c o u p l e r   58  to  t h e   c e n t r a l   c o n t r o l  

15  and  c a l c u l a t i n g   b l o c k   5 0 .  

The  o p e r a t i o n   of  t h e   a p p a r a t u s   a c c o r d i n g   to   t h e  
i n v e n t i o n   w i l l   be  d e s c r i b e d   in  c o n n e c t i o n   w i t h   t h e   d e s c r i p -  
t i o n   of  i t s   r e s p e c t i v e   f u n c t i o n a l   u n i t s .  

Now  r e f e r e n c e   w i l l   be  made  to   PIG.   5  w h i c h   s h o w s  
20  t he   f u n c t i o n a l   b l o c k   d i a g r a m   of  t h e   e m o t i o n a l   c o n d i t i o n  

e x a m i n i n g   u n i t   1 0 0 .  

A  b i o l o g i c a l   f e e d b a c k   s y s t e m   has   b e e n   p r o v i d e d  
f o r   t h e   s u b j e c t   to  be  e x a m i n e d ,   w h i c h   e n a b l e s   p r a c t i c i n g  
an  a u t o g e n   t r a i n i n g   by  w h i c h   t h e   s u b j e c t   r e a c h e s   a  r e s t  

25  c o n d i t i o n   f o l l o w i n g   an  a c t i v e   s t a r t i n g   s t a t e   and  a  
f u r t h e r   a c t i v e   s t a t e   f r o m   t h e   r e s t   c o n d i t i o n .   Such   k i n d  
of  a u t o g e n   t r a i n i n g   can   u t i l i z e   t h e   f e e d b a c k   of  t h e  
r e l a t i v e   a c t i v i t y   of  t h e   a l p h a   w a v e s   in   t h e   EEG  s p e c t r u m ,  
t h e   f e e d b a c k   of  t h e   s k i n   c o n d u c t a n c e   or  in  g i v e n   c a s e s  

50  t h e   f e e d b a c k   of  t h e   b o d y   t e m p e r a t u r e .   Prom  t h e   p o i n t   o f  
v iew  of  t h e   c o n s t r u c t i o n a l   d e s i g n   of  t h e   b i o f e e d b a c k  

s y s t e m ,   of  i t s   h a n d l i n g   f a c i l i t i e s   and  of  t h e   e f f i c i e n c y ,  
d u r a t i o n   and  f e a s i b i l i t y   f o r   l e a r n i n g   of  t h e   a u t o g e n  
t r a i n i n g ,   i t   i s   b e l i e v e d   t h a t   t h e   f e e d b a c k   of  t h e   s k i n  

35  c o n d u c t a n c e   can  be  c o n s i d e r e d   to   be  t h e   mos t   p r e f e r a b l e  
of  a l l   p o s s i b l e   o t h e r   k i n d s   of  f e e d b a c k ,   t h e r e f o r e  
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FIG.  5  s h o w s   t h e   u n i t   100  as  b a s e d   on  s k i n   c o n d u c t a n c e  

f e e d b a c k .  

The  s u b j e c t   u n d e r   e x a m i n a t i o n   h o l d s   t h e   a p p a r a t u s  

shown  in   FIG.   1  in   one  of  h i s   or  he r   h a n d s ,   and  h i s   o r  

5  her   f i n g e r s   t o u c h   t h e   s e n s o r s   22 ,   24 ,   and  a  s k i n   c o n d u c t -  

ance   m e a s u r i n g   b l o c k   60  m e a s u r e s   t h e   s k i n   c o n d u c t a n c e .  

The  o u t p u t   of  t h e   s k i n   c o n d u c t a n c e   m e a s u r i n g   b l o c k   6 0  

s u p p l i e s   t h e   s k i n   c o n d u c t a n c e   l e v e l   r e f e r r e d   to  h e r e i n -  

a f t e r   as  SCL,  and  t h i s   o u t p u t   i s   c o u p l e d   to  i n p u t   of  a  

.0  s a m p l e   and  h o l d   c i r c u i t   102 ,   to  i n p u t   of  a  d i v i d e r   1 0 4  

and  to  i n p u t   of  a  m u l t i - p o s i t i o n   c o n t r o l l e d   s w i t c h   1 0 6 .  

The  o u t p u t   of  t h e   d i v i d e r   104  i s   c o n n e c t e d   to   t h e  

a c o u s t i c   c o u p l e r   58  w h i c h   l a t t e r   i s   c o u p l e d   to  t h e   h e a d -  

- p h o n e   46 .   I t   i s   p r e f e r a b l e ,   i f   t h e   o u t p u t   of  t h e   d i v i d e r  

L5  104  w h i c h   d e l i v e r s   a  d i g i t a l   v a l u e   r e p r e s e n t i n g   t h e  

f r e q u e n c y   of  t h e   a u d i o   s i g n a l   i s   c o u p l e d   a l s o   to  t h e  

d i s p l a y   54  f o r   d i g i t a l l y   d i s p l a y i n g   t h i s   v a l u e .   T h e  

d i v i d e r   104  has   a  s e c o n d   i n p u t   c o u p l e d   to  t h e   o u t p u t   o f  

the   s a m p l e   and  h o l d   c i r c u i t   102  to   r e c e i v e   t h e   d i g i t a l  

20  v a l u e   of  t h e   s a m p l e d   SCL  s i g n a l .  

The  o p e r a t i o n   of  t h e   e m o t i o n a l   c o n d i t i o n   e x a m i n -  

ing  u n i t   100  i s   c o n t r o l l e d   by  c o n t r o l   u n i t   108  h a v i n g  

r e s p e c t i v e   o u t p u t s   c o u p l e d   t h r o u g h   l i n e   110  to   an  i n p u t  

of  t h e   s a m p l e   and  h o l d   c i r c u i t   102  w h i c h   d e t e r m i n e s   t h e  

25  s a m p l i n g   m o m e n t ,   t h r o u g h   l i n e   112  to   c o n t r o l   i n p u t   o f  

t he   c o n t r o l l e d   s w i t c h   106  and  t h r o u g h   l i n e   114  to   s t a r t -  

ing   i n p u t   of  a  f i r s t   t i m e r   1 1 6 .  

The  c o n t r o l l e d   s w i t c h   106  has   t h r e e   o u t p u t s   c o u p l -  

ed  to   r e s p e c t i v e   i n p u t s   of  f i r s t ,   s e c o n d   and  t h i r d   s a m p l e  

50  and  s t o r e   c i r c u i t s   1 1 8 ,   120  and  1 2 2 ,   and  t h e   o u t p u t s   o f  

t h e s e   c i r c u i t s   a r e   c o u p l e d   to   i n p u t s   of  an  a r i t h m e t i c a l  

and  l o g i c a l   u n i t   124 .   A  f u r t h e r   i n p u t   of  t h e   a r i t h m e t i c a l  

and  l o g i c a l   u n i t   124  i s   c o n n e c t e d   to   a  c o n s t a n t   m e m o r y  

126  w h i c h   s t o r e s   t h e   c o n s t a n t   v a l u e s   r e q u i r e d   f o r   t h e  

55  c a l c u l a t i o n s .  

The  o u t p u t   of  t h e   a r i t h m e t i c a l   and  l o g i c a l   u n i t  
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124  i s   c o n n e c t e d   to   a  f i r s t   i n p u t   of  a  d i g i t a l   c o m p a r a t o r  
128  w h i c h   has   a  s e c o n d   i n p u t   c o u p l e d   to   a  s e c o n d   c o n s t a n t  

memory  130  w h i c h   s t o r e s   t r e s h o l d   v a l u e s   r e q u i r e d   f o r   t h e  

c o m p a r i s o n .   The  o u t p u t   of  t h e   d i g i t a l   c o m p a r a t o r   128  i s  

5  c o u p l e d   to  d i s p l a y   56a  w h i c h   can  be  f o r m e d   by  any  of   t h e  

d i s p l a y   s e g m e n t s   38  to   4 4 .  

The  c o n t r o l   u n i t   108  i s   c o n n e c t e d   a l s o   to  a  s e c o n d  

t i m e r   134  s t a r t e d   by  t h e   o u t p u t   of  t h e   f i r s t   t i m e r   1 1 6 .  

T h e r e   i s   p r o v i d e d   a  s t a r t   key   132  f o r   s t a r t i n g   t h e   o p e r a -  
10  t i o n   of  t h e   e m o t i o n a l   c o n d i t i o n   e x a m i n i n g   u n i t   100  w h i c h  

can  be  f o r m e d   by  any  of  t h e   k e y s   30  to  3 6 .  

The  d e t e r m i n a t i o n   of  t h e   a c t u a l   e m o t i o n a l   c o n d i -  

t i o n   i s   c a r r i e d   ou t   as  f o l l o w s .  

I t   i s   s u p p o s e d   t h a t   t h e   s u b j e c t   u n d e r   t e s t   h a s  

15  a l r e a d y   some  e x p e r i e n c e   in  u s i n g   t h e   a p p a r a t u s   a c c o r d i n g  
to  t h e   i n v e n t i o n   i . e .   he  or  she  can  p e r f o r m   an  a u t o g e n  

t r a i n i n g   b a s e d   on  t he   SCL  f e e d b a c k .  

In  t h e   b e g i n n i n g   of  t h e   t e s t   t he   a p p a r a t u s   w i l l   b e  

t a k e n   in   hand   and  t h e   t a s k   l i e s   in  t h a t   a f t e r   p u s h i n g   t h e  

20  s t a r t   key  132  he  or  she   s h o u l d   t r y   to   g e t   in   a  r e l a x e d  

c o n d i t i o n .   In  t h e   s t a r t i n g   moment  t h e   s a m p l e   and  h o l d  

c i r c u i t   102  r e c e i v e s   a  s a m p l i n g   command  t h r o u g h   t h e   l i n e  

110  f r o m   t h e   c o n t r o l   u n i t   108 ,   and  s t o r e s   t h e   s t a r t i n g  
SCL  v a l u e   (moment   t  in   FIG.   8)  s u p p l i e d   by  t h e   o u t p u t  

25  of  t h e   s k i n   c o n d u c t a n c e   m e a s u r i n g   b l o c k   60.   In   t h e   t w o  

i n p u t s   of  t h e   d i v i d e r   104  t h e r e   i s   t h e   same  d i g i t a l   n u m b e r  

and  t h e i r   q u o t i e n t   i s   t h e r e f o r e   u n i t y .   In  t h i s   way  t h e  

i n p u t   of  t h e   a c o u s t i c   c o u p l e r   58  r e c e i v e s   a  d i g i t a l   n u m b e r  

a s s o c i a t e d   w i t h   a  b a s i c   a u d i o   f r e q u e n c y   w h i c h   can  be  e . g .  
30  300  Hz.  Owing  to   t h e   d i v i s i o n   and  t h e   n o r m a l i z a t i o n   i n  

t h e   s t a r t i n g   moment s   of  e a c h   t e s t ,   t h e   same  b a s i c   f r e q u e n c y  

can  be  h e a r d   in   t h e   h e a d - p h o n e   46  w h i c h   i s   i n d e p e n d e n t  

of  t h e   a c t u a l   SCL  v a l u e .  

I f   d u r i n g   t h e   a u t o g e n   t r a i n i n g   t h e   s u b j e c t   s t a r t s  

35  to   g e t   l e s s   a c t i v e   and  more  r e l a x e d ,   t h e n   t h e   SCL  v a l u e  

d e c r e a s e s .   The  d i v i d e r   104  d e l i v e r s   a  d i g i t a l   n u m b e r  
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r e p r e s e n t i n g   t h e   q u o t i e n t   of  t h e   a c t u a l   SCL  v a l u e   a n a  

t h e   s t a r t i n g   SCL  1  v a l u e ,   and  t h i s   number   w i l l   s e t   t h e  

a c o u s t i c   c o u p l e r   58  to   g e n e r a t e   a  l o w e r   t o n e .   A  d e c r e a s e  

in  t h e   SCL  v a l u e   e . g .   by  10  %  c o m p a r e d   to   t h e   s t a r t i n g  

5  v a l u e   r e s u l t s   in   t h e   d e c r e a s e   of  t h e   s t a r t i n g   a u d i o  

f r e q u e n c y   of  300  Hz  by  30  H z .  

D u r i n g   t h i s   p h a s e   of  t h e   a u t o g e n   t r a i n i n g   t h e  

s u b j e c t   h a s   t h e   t a s k   of  d e e p e n i n g   t he   a u d i o   f r e q u e n c y  

w i t h   a l l   e f f o r t .   The  d i g i t a l   v a l u e   of  t h e   a c t u a l  

LO  f r e q u e n c y   can  e v e n   be  d i s p l a y e d   on  t h e   d i s p l a y   5 6 .  

The  s t a r t i n g   SCL  1  v a l u e   w i l l   be  s t o r e d   in  t h e  

moment  t  no t   o n l y   in   t h e   s a m p l e   and  h o l d   c i r c u i t   1 0 2 ,  

bu t   t h r o u g h   t h e   c o n t r o l l e d   s w i t c h   106  a l s o   in   t h e   f i r s t  

s a m p l e   and  s t o r e   c i r c u i t   118 .   A l s o   in   t h e   s t a r t i n g  

L5  moment  t  t h e   f i r s t   t i m e r   116  w i l l   be  s t a r t e d   t h r o u g h  x  o  
t h e   l i n e   114  to   p r o v i d e   a  p r e d e t e r m i n e d   t i m i n g   Tl  e . g .  

b e t w e e n   1  and  5  m i n u t e s .  

F IG .   8  shows  t h e   t i m e   d i a g r a m   of  t h e   SCL  v a l u e .  

At  t h e   e n d i n g   moment  of  t h e   t i m i n g   Tl  t h e   f i r s t  

20  t i m e r   116  d e l i v e r s   a  s i g n a l   f o r   t h e   c o n t r o l   u n i t   1 0 8  

and  t h e   r e l a x a t i o n   p h a s e   i s   f i n i s h e d .  

The  c o n t r o l   u n i t   108  s e t s   t h e   c o n t r o l l e d   s w i t c h  

106  in   a  f u r t h e r   p o s i t i o n   and  in   t h i s   moment  t-^  t h e  

a c t u a l   SCL  2  v a l u e   w i l l   be  r e a d   in   t h e   s e c o n d   s a m p l e   a n d  

25  s t o r e   c i r c u i t   120 .   S i m u l t a n e o u s l y   t h e   s a m p l e   and  h o l d  

c i r c u i t   102  r e c e i v e s   t h r o u g h   t h e   l i n e   110  a  new  s a m p l i n g  

command  and  t h e   SCL  2  v a l u e   w i l l   be  h e l d   t h e r e i n .   T h e  

two  i n p u t s   of  t h e   d i v i d e r   104  w i l l   be  a g a i n   i d e n t i c a l ,  

and  t h e   t o n e   w i l l   t a k e   t h e   s t a r t i n g   f r e q u e n c y ,   i . e .  

30  300  Hz.  T h i s   c h a n g e   i n d i c a t e s   f o r   t h e   s u b j e c t   t h e   e n d  

of  t h e   r e l a x a t i o n   p h a s e .   T h i s   i n d i c a t i o n   can  be  u n d e r -  

l i n e d   e . g .   by  f l a s h i n g   a  d i g i t   on  t h e   d i s p l a y   56.  I n  

t h e   moment   t-j_  t h e   f i r s t   t i m e r   116  s t a r t s   t h e   t i m i n g   o f  

t h e   s e c o n d   t i m e r   134  w h i c h   has   p r e f e r a b l y   t h e   same  t i m i n g  

35  d u r a t i o n .  

The  s u b j e c t   u n d e r   t e s t   knows  t h a t   a f t e r   t h e   e n d  
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of  t h e   r e l a x a t i o n   p h a s e   t h e   t a s k   w i l l   be  c h a n g e d   and  t h e  

a c t i v e   c o n d i t i o n   s h o u l d   be  r e g a i n e d   as  s o o n   as  p o s s i b l e  

t h a t   i s   t h e   a u t o g e n   t r a i n i n g   s h o u l d   be  p r a c t i c e d   i n  

r e v e r s e   d i r e c t i o n .   The  s u b j e c t   s t r i v e s   to   i n c r e a s e   a n d  

5  no t   to  d e c r e a s e   t h e   t o n e   p i t c h ,   w h e r e b y   t h e   s k i n  

c o n d u c t i v i t y   w i l l   a l s o   i n c r e a s e .   At  t h e   end  moment  X.^ 
of  t h e   a c t i v a t i o n   p h a s e   t h e   s e c o n d   t i m e r   134  d e l i v e r s   a  

s i g n a l ,   t h e   c o n t r o l   u n i t   103  s e t s   t h e   c o n t r o l l e d   s w i t c h  

106  in   a  f u r t h e r   p o s i t i o n ,   and  t h e   t h i r d   s a m p l e   a n d  

10  s t o r e   c i r c u i t   122  w i l l   s t o r e   t h e   a c t u a l   SCL  3  v a l u e .   Now 

t h e   e m o t i o n a l   c o n d i t i o n   e x a m i n a t i o n   t e s t   i s   f i n i s h e d   a n d  

t he   s u b j e c t   i s   i n f o r m e d   t h e r e a b o u t   by  means   of  t h e   d i s -  

p l a y   5 6 .  

The  e m o t i o n a l   c o n d i t i o n   d e p e n d s   on  the   e x t e n t   o f  

15  c o n t r i b u t i o n   of  t h e   s u b j e c t   in   c a r r y i n g   ou t   t h e   r e l a x a -  

t i o n   and  l a t e r   t h e   a c t i v a t i o n   t a s k s .   The  e m o t i o n a l  

c o n d i t i o n   i s   f a v o u r a b l e   i f   t h i s   c o n t r i b u t i o n   was  s u c c e s -  

f u l ,   and  i t   i s   no t   f a v o u r a b l e   i f   i t   was  n o t .  

On  t h e   b a s i s   of  e x p e r i m e n t a l   t e s t s   i t   can  b e  

20  s t a t e d   t h a t   t h e   e x t e n t   of  t h e   s u c c e s f u l   c o n t r i b u t i o n   c a n  

a l s o   be  e x p r e s s e d   in   n u m e r i c a l   f o r m ,   e . g .   as  f o l l o w s :  

q  n  n m   .  =  SCL1  -  SCL2   ̂ a  SCL3  -  SCL2  /  -.  \ Sl  =  a n S C L l   +  a12  g^Ll   +  a13  SCL2  V 1 '  

25  The  c o e f f i c i e n t s   a ^ ,   a - ^   ana  a i 3   in   f o r m u l a   (1)   d e p e n d  

on  t h e   s e x ,   a g e ,   o c c u p a t i o n   of  t h e   s u b j e c t   u n d e r   t e s t  

and  t h i s   v a l u e s   a r e   s t o r e d   in  t h e   c o n s t a n t   memory  1 2 6 .  

A l l   v a l u e s   r e q u i r e d   f o r   t h e   c a l c u l a t i o n   d e f i n e d   i n  

f o r m u l a   (1)   a r e   r e p o r t e d   to   t h e   a r i t h m e t i c a l   and  l o g i c a l  

30  u n i t   124 ,   w h i c h   d e l i v e r s   t h e r e f o r e   t h e   v a l u e   S-̂   in   i t s  

o u t p u t   . 
The  a p p a r a t u s   a c c o r d i n g   to   t h e   i n v e n t i o n   i s  

c a p a b l e   of  d e l i v e r i n g   t h e   v a l u e   S-̂   d i r e c t l y ,   in   t h e  

p r a c t i c e ,   h o w e v e r ,   i t   i s   s u f f i c i e n t   to  know  w h e t h e r   t h e  

35  a c t u a l   e m o t i o n a l   c o n d i t i o n   i s   h i g h ,   medium  or  low.   T h e  

c o n s t a n t   memory  130  s t o r e s   two  t r e s h o l d   c o n s t a n t s   K - q  
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and  K12  w i t h   w h i c h   t h e   v a l u e   3^  w i n   oe  c o m p a r e d   m  

t h e   d i g i t a l   c o m p a r a t o r   1 2 8 .  

I f   t h e   v a l u e   S-j_  i s   h i g h e r   t h a n   t h e   f i r s t   c o n s t a n t  

K-q ,   t h e n   t h e   e m o t i o n a l   c o n d i t i o n   i s   f a v o u r a b l e ,   i . e .  

5  h i g h ,   i f   t h e   v a l u e   S1  f a l l s   b e t w e e n   t h e   two  c o n s t a n t s  

K   ̂ 
and  K12,  t n e   e m o t i o n a l   c o n d i t i o n   i s   on  m e d i u m  

l e v e l ,   and  t h e   e m o t i o n a l   c o n d i t i o n   i s   l ow,   i f   ^   i s   : 

s m a l l e r   t h a n   t h e   c o n s t a n t   K12-  The  d i s p l a y   56a  shows   : 

an  i n d i c a t i o n   c o r r e s p o n d i n g   to   t h e s e   t h r e e   p o s s i b l e  

.0  s t a t e s .  

For   an  a v e r a g e   p o p u l a t i o n   t h e   t y p i c a l   v a l u e s  

of  t h e   a b o v e   c o e f f i c i e n t s   and  c o n s t a n t s   a r e   as  f o l l o w s :  

a l l   =  ~0*Z1'  a12  =  "40   a13  =  +2°  KH  =  + 5 ' 2   K12  =  ~ 1 , 6  

5  The  e m o t i o n a l   c o n d i t i o n   can  be  e x a m i n e d   n o t  

o n l y   by  t h e   u n i t   100  shown  in  FIG.  5  bu t   by  a  n u m b e r  

of  a l t e r n a t i v e   a r r a n g e m e n t s .   From  t h e   a s p e c t   of  t h e  

p r e s e n t   i n v e n t i o n   i t   has   an  i m p o r t a n c e   o n l y   t h a t   t h e  

l e v e l   of  t h e   e m o t i o n a l   c o n d i t i o n   i s   d e f i n e d   as  t h e  

20  e f f i c i e n c y   of  an  a u t o g e n   t r a i n i n g   c o m p r i s i n g   a  f i r s t  

p h a s e   d i r e c t e d   to   r e a c h   a  r e l a x e d   s t a t e   in   a  p r e s c r i b e d  

t i m e   and  a  s e c o n d   p h a s e   f o r   r e a c h i n g   an  a c t i v e   c o n d i t i o n  

a g a i n .  

A l t h o u g h ,   i t   i s   b e l i e v e d   t h a t   t h e   a r r a n g e m e n t  

25  shown  in   FIG.   5  can   be  e a s i l y   i m p l e m e n t e d   f o r   t h e   m a n  

s k i l l e d   in  t h e   a r t   on  t h e   b a s i s   of  t h e   f o r e g o i n g  

d e s c r i p t i o n ,   r e f e r e n c e   w i l l   be  made  now  to  FIG.   6,  i n  

w h i c h   a  p r e f e r a b l e   e m b o d i m e n t   of  t h e   s k i n   c o n d u c t a n c e  

m e a s u r i n g   b l o c k   60  i s   shown ,   s i n c e   t h i s   e m b o d i m e n t   i s  

50  b e l i e v e d   to   can  m e a s u r e   t he   SCL  v a l u e   e a s i e r   and  w i t h  

a  h i g h e r   a c c u r a c y   t h a n   t h e   c o n v e n t i o n a l l y   u s e d   SCL 

m e t e r s .  

In  F IG.   6  a  t r a n s i s t o r   Tl  i s   shown  w i t h   an  e m i t t e r  

c i r c u i t   c o m p r i s i n g   a l t e r n a t i v e l y   c o n t r o l l e d   s w i t c h e s  

35  SSI  and  SS2,   by  w h i c h   t h e   SCL  s e n s o r s   22 ,   24  or  a  

r e s i s t o r   R„  a r e   c o u p l e d   to   t h e   e m i t t e r .   The  t r a n s i s t o r  
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11  has   a  b a s e   c i r c u i t   c o m p r i s i n g   r e s i s t o r s   HI ,   R2  a n d  
a  d i o d e   D  f o r   c o m p e n s a t i n g   t e m p e r a t u r e   d e p e n d e n c y .   T h e  
so  c o n s t r u c t e d   b a s e   a t t e n u a t o r   p r o v i d e s   a  b a s e   v o l t a g e  
VN  s m a l l e r   t h a n   t h e   s u p p l y   v o l t a g e   V c c .  

5  A  v o l t a g e   can   be  m e a s u r e d   on  c o l l e c t o r  
r e s i s t o r   RM  of  t h e   t r a n s i s t o r   T l ,   t h e   v a l u e   of  w h i c h  
in  t h e   o n - c o n d i t i o n   of  t h e   s w i t c h   SS2  can  be  e x p r e s s e d  
a s :  

LO  m2  M  aK 

If  t he   r e s i s t a n c e   of  t h e   s k i n   b e t w e e n   t h e   s e n s o r s   2 2  
and  24  has   a  v a l u e   of  fi  ,  t h e n   in  t h e   o n - s t a t e   of  t h e  
s w i t c h   SSI  t h i s   v o l t a g e   can   be  e x p r e s s e d   a s :  

VN 

When  RM  i s   e x p r e s s e d   f r o m   t h e   f o r m u l a e   (2)   and  (3)   a n d  
t h e   two  e x p r e s s i o n s   a r e   made  e q u a l ,   t h e   f o l l o w i n g   e q u a -  
t i o n   i s   o b t a i n e d :  

m2  N  ml  x  

.  SCL  = 
¥m2  N 

The  s w i t c h e s   SSI  and  SS2  a r e   a l t e r n a t i v e l y  
c o n t r o l l e d   by  a  c o n t r o l l e r   162  in   s u c h   a  way  t h a t   t h e  

25  s w i t c h   SSI  i s   s u b s t a n t i a l l y   s h o r t e r   in  o n - c o n d i t i o n   t h a t  
t he   o t h e r   s w i t c h   SS2.   The  v o l t a g e s   Vml,  Vm2  d e f i n e d  
in  f o r m u l a   (4)   can  be  m e a s u r e d   a t   t h e   c o l l e c t o r   of  t h e  
t r a n s i s t o r   Tl  in  t h e   c o r r e s p o n d i n g   s w i t c h   p o s i t i o n s ,  
and  an  a n a l o g   to  d i g i t a l   c o n v e r t e r   164  c o n v e r t s   t h e s e  

50  v o l t a g e s   in   d i g i t a l   f o r m ,   and  t h e   r e m a i n i n g   p a r t s   o f  
t he   s k i n   c o n d u c t a n c e   m e a s u r i n g   b l o c k   60  u se   t h e s e  
d i g i t a l   v a l u e s   to   p r o v i d e   t h e   r e q u i r e d   SCL  v a l u e .  

The  a d v a n t a g e s   of  t h e   c i r c u i t   of  PIG.   6  l i e   i n  
t h a t   t h e   v o l t a g e   b e t w e e n   t h e   s e n s o r s   22 ,   24-  i s   a l w a y s  

55  t h e   same  d u r i n g   e a c h   m e a s u r e m e n t ,   t h e r e f o r e   t h e r e   i s  

no  need   f o r   t h e   a p p l i c a t i o n   of  a l t e r n a t i n g   v o l t a g e s ,  
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b e c a u s e   d u r i n g   t h e   l o n g   on  s t a t e   of  t h e   s w i t c h   SS2  t h e  

p o s s i b l e   p o l a r i z a t i o n   p h e n o m e n a   a r e   d e c a y e d ,   and  f r o m  

t h e   d i r e c t   c u r r e n t   d i r e c t   s i g n a l   p r o c e s s i n g   an  i n c r e a s -  

ed  s e n s i t i v i t y   i s   r e a c h e d   c o m p a r e d   to   c o n v e n t i o n a l  

5  c i r c u i t s   u s i n g   a l t e r n a t i v e   s i g n a l   c o m p o n e n t s   o n l y .  

A p a r t   f r o m   t h e s e   a d v a n t a g e s   f u r t h e r   b e n e f i t s  

come  f r o m   t h e   s i m p l e   and  c h e a p   c o n s t r u c t i o n   of  t h e  

c i r c u i t   . 
Now  r e f e r e n c e   w i l l   be  made  to   FIG.  4,  w h i c h  

LO  shows   t h e   f u n c t i o n a l   b l o c k   d i a g r a m   of  a  p r e f e r a b l e  

e m b o d i m e n t   of  t h e   m e n t a l   c o n d i t i o n   e x a m i n i n g   u n i t   2 0 0  

( F I G .   2 ) .  

The  m e n t a l   c o n d i t i o n   w i l l   be  e s t a b l i s h e d   f r o m  

t h e   w e i g h t e d   v a l u e   S2  of  t h e   i n f o r m a t i o n   p r o c e s s i n g  

L5  a b i l i t y   of  t h e   s u b j e c t   u n d e r   t e s t .   The  v a l u e   S2  i s  

o b t a i n e d   f r o m   o n e - i n - f o u r   t y p e   r e a c t i o n   m e a s u r e m e n t s  

c a r r i e d   ou t   u n d e r   p r e d e t e r m i n e d   c o n d i t i o n s ,   in   w h i c h  

an  a c o u s t i c   b l o c k i n g   s t i m u l u s   i s   a p p l i e d ,   and  t h e   r a t e  

of  s t i m u l u s   g e n e r a t i o n   i s   g r a d u a l l y   i n c r e a s e d .   A l s o  

20  in   t h i s   e x a m i n a t i o n   i t   i s   s u p p o s e d   t h a t   t h e   s u b j e c t  

u n d e r   t e s t   i s   f a m i l i a r   w i t h   t h e   a p p a r a t u s   and  h a s  

a l r e a d y   some  p r a c t i c e   in   i t s   u s e .  

The  m e n t a l   c o n d i t i o n   e x a m i n a t i o n   u n i t   200  s h o w n  

in   FIG.   4-  c o m p r i s e s   a  c o n t r o l   u n i t   202  c o n n e c t e d   to   a  

25  p a i r   of  r e a d   o n l y   m e m o r i e s   2 0 4 ,   206  to  s t o r e   c h a r a c t e r i s t i c  

d a t a   f o r   t h e   s u b j e c t   ( a g e ,   s e x ,   o c c u p a t i o n ,   a t e . )   a n d  

d a t a   d e f i n i n g   t h e   t e s t   r a t e   b e i n g   a l s o   d e p e n d e n t   o n  

t h e   t y p e   of  t h e   e x a m i n a t i o n .   A  s t a r t   key  208  i s   c o u p l e d  

to   t h e   c o n t r o l   u n i t   202  w h i c h   can  be  made  f r o m   a  k e y  

30  of  k e y b o a r d   54  ( F I G .   2 ) .  

The  s t a r t   key   208  i s   c o n n e c t e d   to  t h e   c o n t r o l  

u n i t   202  and  to   s t a r t i n g   i n p u t   of  a  r a t e   d e t e r m i n i n g  

u n i t   210  w h i c h   i s   d e s i g n e d   as  a  g e n e r a t o r   p r o v i d i n g  

l i n e a r l y   i n c r e a s i n g   v o l t a g e s   w i t h   an  o u t p u t   c o u p l e d  

35  to   t i m i n g   i n p u t   of  a  f i r s t   r a n d o m   g e n e r a t o r   212 .   T h e  

r a n d o m   g e n e r a t o r   212  has   a  s t o p   i n p u t   c o n t r o l l e d   t h r o u g h  
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l i n e   214-  by  t h e   c o n t r o l   u n i t   2 0 2 .  

The  f i r s t   r a n d o m   g e n e r a t o r   212  p r o v i d e s   o u t p u t  

p u l s e s ,   w h i c h   r e l a t i v e   to  a  b a s i c   d e l a y   d e f i n e d   by  t h e  

v o l t a g e   a p p l i e d   to  t h e   t i m i n g   i n p u t ,   have   r a n d o m l y  

5  c h a n g i n g   a c t u a l   d e l a y   t i m e s ,   and  t h e   r e f e r e n c e   m o m e n t s  

f r o m   w h i c h   t h e   d e l a y s   b e g i n   a r e   d e f i n e d   by  p u l s e s   c o u p l e d  

to  t r i g g e r   i n p u t   216  t h e r e o f .   The  f i r s t   r a n d o m   g e n e r a t o r  

212  i s   d e s i g n e d   to   d e l i v e r   an  o u t p u t   p u l s e   e v e n   i f   n o  

t r i g g e r   p u l s e   i s   r e c e i v e d   w i t h i n   a  p r e d e t e r m i n e d   t i m e  

10  e . g .   2  s .  

Trie  o u t p u t   of  t h e   f i r s t   r a n d o m   g e n e r a t o r   2 1 2  

d e l i v e r s   p u l s e s   w i t h   r e p e t i t i o n   t i m e s   r a n d o m l y   f l u c t u a t -  

ing  r e l a t i v e   to  a  b a s i c   r e p e t i t i o n   t i m e .   T h i s   o u t p u t   i s  

l e a d   to  s i x   d i f f e r e n t   b r a n c h e s .  

15  F i r s t   i t   i s   c o u p l e d   to  i n p u t   of  a  s e c o n d   r a n d o m  

g e n e r a t o r   218  h a v i n g   r a n d o m   o u t p u t   s i g n a l s   d e f i n i n g  

t h e   a c t u a l   p o s i t i o n   of  a  f o u r   p o s i t i o n   s w i t c h   220 .   T h e  

r a n d o m   p o s i t i o n   c o n t r o l   of  t h e   s w i t c h   220  o c c u r s   in   s u c h  

a  way  t h a t   an  i n p u t   s i g n a l   c o u p l e d   to   t he   s w i t c h   2 2 0  

20  can  r e a c h   e a c h   of  t h e   f o u r   o u t p u t s   w i t h   t h e   same  p r o b a -  

b i l i t y .   I t   s h o u l d   be  n o t e d   t h a t   t h e   s w i t c h   220  and  t h e  

s e c o n d   r a n d o m   g e n e r a t o r   218  can   be  i m p l e m e n t e d   by  a  common 

c i r c u i t .   The  f o u r   o u t p u t s   of  t h e   s w i t c h   220  a r e   c o u p l e d  

to  r e s p e c t i v e   i n p u t s   of  t h e   d i s p l a y   s e g m e n t s   38  to   44  o f  

25  t h e   d i s p l a y   56  ( F I G .   l)  ,  and  t h e   d i s p l a y   s e g m e n t   a c t i v a t -  

ed  in   a  r a n d o m   s w i t c h - p o s i t i o n   w i l l   f l a s h   f o r   t h e   d u r a -  

t i o n   of  t h e   o u t p u t   p u l s e   of  t h e   f i r s t   r a n d o m   g e n e r a t o r  

212  and  d i s p l a y s   a  d e c i m a l   n u m b e r ,   e . g .   a  " 0 n .  

The  o u t p u t   of  t h e   f i r s t   r a n d o m   g e n e r a t o r   212  i s  

30  c o u p l e d   to   t h e   i n p u t   of  t h e   s w i t c h   220  in   o r d e r   t h a t  

i t s   p u l s e   can  g e t   t h r o u g h   to   t h e   d i s p l a y   5&»  T h i s   o u t p u t  

i s   c o n n e c t e d   f u r t h e r m o r e   to   i n p u t   of  a  t h i r d   r a n d o m  

g e n e r a t o r   222  w h i c h   p a s s e s   i t s   i n p u t   p u l s e s   in   a  r a n d o m  

s e l e c t i o n   to   i t s   own  o u t p u t .   The  p r o b a b i l i t y   of  t h e  

35  p a s s a g e   of  t h e   i n p u t   p u l s e s   to   t h e   o u t p u t   i s   50  T h e  

o u t p u t   of  t h e   t h i r d   r a n d o m   g e n e r a t o r   222  i s   c o n n e c t e d  
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to.  t h e   i n p u t   of  t h e   a c o u s t i c   c o u p l e r   58  (F IG .   2)  w h i c h  

d r i v e s   t h e   h e a d - p h o n e   46.   T h i s   way  an  a c o u s t i c a l   s i g n a l  

i s   g e n e r a t e d   i f   a  p u l s e   p a s s e s   t h r o u g h   t h e   t h i r d   r a n d o m  

g e n e r a t o r   2 2 2 .  

5  The  o u t p u t   of  t h e   f i r s t   r a n d o m   g e n e r a t o r   212  i s  

c o n n e c t e d   a l s o   to  s a m p l i n g   i n p u t   of  a  f o u r - c h a n n e l  

s a m p l e   and  h o l d   c i r c u i t   224  to   d e f i n e   t h e   s a m p l i n g   m o m e n t s  

t h e r e o f .  

The  f i f t h   b r a n c h i n g   of  t h e   o u t p u t   of  t h e   f i r s t  

LC  r a n d o m   g e n e r a t o r   212  l e a d s   to  s t a r t i n g   i n p u t   of  a  f i r s t  

c o u n t e r   2 2 6 .   The  i n p u t   of  t h e   f i r s t   c o u n t e r   226  i s   c o u p l e d  

to  o u t p u t   of  a  c l o c k   2 2 8 ,   and  in   e n a b l e d   c o n d i t i o n   t h e  

c o u n t e r   226  c o u n t s   t h e   c l o c k   p u l s e s .  

The  s a m p l e   and  h o l d   c i r c u i t   224  has  f o u r   o u t p u t s  

15  c o u p l e d   to   f o u r   i n p u t s   of  a  f i r s t   i n p u t   g r o u p   of  a  

f o u r - c h a n n e l   c o i n c i d e n c e   d e t e c t o r   2 5 0 ,   w h i c h   has   a  s e c o n d  

i n p u t   g r o u p   w i t h   f o u r   i n p u t s   c o n n e c t e d   to  r e s p e c t i v e   k e y  

o u t p u t s   of  t h e   k e y b o a r d   54  ( F I G .   2 ) .   I f   an  a s s o c i a t e d  

p a i r   of  i n p u t s   in   t h e   two  g r o u p s   of  t h e   c o i n c i d e n c e  

20  d e t e c t o r   230  i s   a c t i v a t e d   s i m u l t a n e o u s l y ,   t h e n   an  o u t p u t  

s i g n a l   w i l l   be  g e n e r a t e d .   T h i s   t a k e s   p l a c e   i f   t he   f l a s h -  

ing   of  a  d i s p l a y   s e g m e n t   i s   a s s o c i a t e d   by  t h e   p u s h i n g  

of  t h e   c o r r e s p o n d i n g   key  j u s t   u n d e r   t h e   s e g m e n t .   T h e  

o u t p u t   of  t h e   c o i n c i d e n c e   d e t e c t o r   230  i s   c o u p l e d   t o  

25  i n p u t   of  a  s e c o n d   c o u n t e r   232  to  c o u n t   t h e   number   of  t h e  

r i g h t   a n s w e r s .  

The  r e s p e c t i v e   o u t p u t s   of  t h e   k e y b o a r d   54  a r e  

c o u p l e d   to   i n p u t s   of  an  OR  g a t e   54 ,   t he   o u t p u t   of  w h i c h  

g e n e r a t e s   a  p u l s e   i f   any  of  t h e   f o u r   k e y s   has   b e e n   p u s h e d .  

30  T h i s   o u t p u t   i s   c o n n e c t e d   to   s t o p   i n p u t   of  t he   f i r s t   c o u n t e r  

226  and  t h r o u g h   an  OR  g a t e   242  to  t h e   t r i g g e r   i n p u t   2 1 6  

of  t h e   f i r s t   r a n d o m   g e n e r a t o r   212 .   T h i s   l a t t e r   c o n n e c t i o n  

p r o v i d e s   f o r   t h e   f a c t   t h a t   t h e   n e x t   p u l s e   of  t h e   f i r s t  

r a n d o m   g e n e r a t o r   212  can  be  d e l i v e r e d   o n l y   i f   a  key  h a s  

35  b e e n   p u s h e d   ( w i t h i n   t h e   w a i t i n g   t o l e r a n c e   r a n g e   of  a b o u t  

2  s ) .  
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The  o u t p u t   of  t h e   OR  g a t e   234  i s   c o u p l e d   t h r o u g h  

i n v e r t e r   236  to   an  i n p u t   of  AND  g a t e   238.   The  o t h e r   i n -  

pu t   of  t h e   AND  g a t e   238  i s   c o n n e c t e d   to  t h e   o u t p u t   o f  

t h e   t h i r d   r a n d o m   g e n e r a t o r   222 .   The  o u t p u t   of  t h e   AND 

5  g a t e   i s   a c t i v a t e d   i f   an  a c o u s t i c a l   s i g n a l   e x i s t s   a n d  

no  key  i s   p u s h e d .   T h i s ,   as  i t   w i l l   be  c l e a r   l a t e r ,  

c o r r e s p o n d s   to   an  e f f e c t i v e   b l o c k i n g   b e c a u s e   t h e   s u b j e c t  

u n d e r   t e s t   has   t h e   s t a n d i n g   i n s t r u c t i o n   t h a t   i f   t h e  

o p t i c a l   d i s p l a y   i s   a s s o c i a t e d   w i t h   an  a c o u s t i c   s i g n a l ,  

LO  n e i t h e r   of  t h e   k e y s   s h o u l d   be  p u s h e d .   The  o u t p u t   of  t h e  

AND  g a t e   238  i s   c o n n e c t e d   to  t h e   i n p u t   of  a  t h i r d  

c o u n t e r   240  w h i c h   c o u n t s   t he   number   of  e f f e c t i v e   b l o c k -  

i n g s .   In  o r d e r   to  e n s u r e   t h a t   a  n e x t   p u l s e   be  g e n e r a t e d  

i f   an  e f f e c t i v e   b l o c k i n g   t a k e s   p l a c e ,   t he   o u t p u t   of  t h e  

15  AND  g a t e   238  i s   c o u p l e d   to   an  i n p u t   of  t h e   OR  g a t e   2 4 2  

to  p a s s   a  p u l s e   to  t h e   t r i g g e r   i n p u t   216  of  t h e   f i r s t  

r a n d o m   g e n e r a t o r   2 1 2 .  

The  s i x t h   b r a n c h i n g   of  t h e   o u t p u t   of  t h e   f i r s t  

r a n d o m   g e n e r a t o r   212  l e a d s   to   i n p u t   of  a  f o u r t h   c o u n t e r  

20  244  f o r   c o u n t i n g   a l l   p u l s e s   ( f l a s h e s ) .  

The  o u t p u t   of  t h e   f i r s t   c o u n t e r   226  i s   c o n n e c t -  

ed  to  i n p u t   of  an  a d d e r   246  to   make  and  s t o r e   t h e   sum 

of  t h e   d e l a y   t i m e s .   The  e n a b l e   i n p u t s   of  t h e   a d d e r   2 4 6  

and  of  t h e   c o u n t e r s   2 3 2 ,   240  and  244  a re   c o u p l e d   t h r o u g h  

25  l i n e   248  to   t h e   o u t p u t   of  t h e   c o n t r o l   u n i t   2 0 2 .  

The  o u t p u t s   of  t h e   a d d e r   246  and  of  t h e   c o u n t e r s  

232 ,   240  and  244  a r e   c o u p l e d   to   r e s p e c t i v e   i n p u t s   of  a n  

a r i t h m e t i c a l   and  l o g i c a l   u n i t   250  w h i c h   has   a  f u r t h e r   i n -  

p u t   c o n n e c t e d   w i t h   t h e   o u t p u t   of  a  c o n s t a n t   memory  2 5 2 .  

30  The  o u t p u t   of  t h e   a r i t h m e t i c a l   and  l o g i c a l   u n i t   250  i s  

c o n n e c t e d   to   f i r s t   i n p u t   of  a  c o m p a r a t o r   254  w h i c h   h a s  

a  s e c o n d   i n p u t   c o n n e c t e d   to   a  s e c o n d   c o n s t a n t   memory  2 5 6  

and  has   an  o u t p u t   c o u p l e d   to   d i s p l a y   56c  w h i c h   can  b e  

made  by  a  s e g m e n t   of  t h e   d i s p l a y   5 6 .  

35  •  The  o p e r a t i o n   of  t h e   m e n t a l   c o n d i t i o n   e x a m i n i n g  

u n i t   200  shown  in   F IG .   4  i s   as  f o l l o w s .  



The  s u b j e c t   u n d e r   t e s t   nas   t n e   xass.   ox  w a ^ u x u f c  

t h e   d i s p l a y   56,   in   w h i c h   c e r t a i n   d i s p l a y   s e g m e n t s   w i l l  

be  i l l u m i n a t e d   in  a  r a n d o m   o r d e r   and  d i s t r i b u t i o n   b y  

f l a s h i n g   o u t   a  d e c i m a l   number   ( e . g .   " 0 " ) .   In  r e s p o n s e  

5  to  e a c h   f l a s h   t h e   s u b j e c t   has   to  p u s h   i m m e d i a t e l y   t h e  

key  a s s o c i a t e d   w i t h   t h e   a c t i v a t e d   d i s p l a y   s e g m e n t .   I f  

an  a c o u s t i c   s i g n a l   i s   g e n e r a t e d   t o g e t h e r   w i t h   t h e  

v i s u a l   d i s p l a y ,   t h e n   n e i t h e r   of  t he   k e y s   s h o u l d   be  p u s h -  

ed.  I t   i s   a d v i s a b l e   i f   some  e x p e r i e n c e   i s   g a t h e r e d   i n  

0  o p e r a t i n g   t h e   a p p a r a t u s   b e f o r e   t he   m e n t a l   c o n d i t i o n  

t e s t   is   m a d e .  

The  t e s t   b e g i n s   by  p u s h i n g   t n e   s t a r t   key  2 0 8 .  

In  r e s p o n s e   to   t h e   s t a r t i n g   s i g n a l   t h e   r a t e   d e t e r m i n i n g  

u n i t   210  d e f i n e s   f i r s t   l o n g e r ,   l a t e r   g r a d u a l l y   s h o r t e n -  

.5  ing   i n t e r v a l s   f o r   t h e   f i r s t   r a n d o m   g e n e r a t o r   2 1 2 .  

R e f e r e n c e   i s   made  now  to  PIG.   9  in  w h i c h   p u l s e s  

L  i n d i c a t e   t h e   l i g h t   s i g n a l s   and  p u l s e s   K  i n d i c a t e   k e y  

o p e r a t i o n s .   F i r s t   in   moment  t  a  s e g m e n t   i s   f l a s h e d  

and  t he   a s s o c i a t e d   key  i s   p u s h e d   in  r e s p o n s e   t h e r e t o  

IC  in  moment  t - ^   The  t i m e   e l a p s e d   t e t w e e n   t h e s e   two  m o m e n t s  

i s   d e f i n e d   as  f i r s t   r e a c t i o n   t i m e   T r l .   The  r a n d o m   g e n e r a t o r  

212  g e n e r a t e s   t h e   n e x t   l i g h t   p u l s e   in  moment  t 2 ,   and  a  

l a t e n t   t i m e   TD1  i s   e l a p s e d   b e t w e e n   t he   f i r s t   r e s p o n s e  

and  t he   s u b s e q u e n t   f l a s h .   D u r i n g   t h e   m e a s u r e m e n t   t h e  

25  l a t e n t   t i m e   TD  i s   g r a d u a l l y   d e c r e a s e d ,   e . g .   t h e   i - t h  

f l a s h   in   moment   i s   r e s p o n d e d   in  moment  t i + 1   and  t h e  

n e x t   f l a s h   t a k e s   p l a c e   in  moment  t i + 2   w i t h   l a t e n t   t i m e  

TDi  w h i c h   i s   s h o r t e r   t h a n   t he   f i r s t   l a t e n t   t i m e   T D 1 .  

T h i s   m e t h o d   p r o v i d e s   a  so  c a l l e d   a c t i v e   t i m e  

30  i n s u f f i c i e n c y   f o r   t h e   s u b j e c t   b e c a u s e   t he   r a t e   d e p e n d s  

on  t h e   s p e e d   of  t h e   r e s p o n s e .   I f   t n e   s u b j e c t   f a i l s   t o  

p u s h   any  k e y ,   t h i s   f a c t   w i l l   not   s t o p   t he   s e r i e s   o f  

f l a s h e s ,   b e c a u s e   in   c a s e   of  a c o u s t i c   b l o c k i n g s   t h e  

t r i g g e r   i n p u t   216  of  t h e   r andom  g e n e r a t o r   212  w i l l   b e  

$5  a c t i v a t e d   by  t he   o u t p u t   of  t h e   OR  g a t e   242 ,   and  in   o t h e r  

c a s e s   t h e   n e x t   p u l s e   i s   g e n e r a t e d   f o l l o w i n g   t h e   w a i t i n g  



-  21  -  

0 2 0 8 0 0 7  

p e r i o d   of  maximum  a b o u t   2 s .  

The  f i r s t   c o u n t e r   226  m e a s u r e s   t h e   r e a c t i o n   t i m e  

T r ,   s i n c e   a t   t h e   s t a r t   of  e a c h   i l l u m i n a t i n g   p u l s e   i t  

g e t s   a  s t a r t i n g   p u l s e   and  b e g i n s   to   c o u n t   t h e   p u l s e s  

5  of  t h e   c l o c k   228 .   When  one  of  t h e   k e y s   has   b e e n   p u s h e d ,  
t h e   o u t p u t   of  t h e   OR  g a t e   234  s t o p s   t h e   c o u n t i n g   o p e r a -  
t i o n .   The  n e x t   f l a s h   p u l s e   s t a r t s   t h e   c o u n t e r   226  a g a i n  

and  i t   w i l l   m e a s u r e   t h e   n e x t   r e a c t i o n   t i m e .   In   e a c h  

s t a r t   t he   c o n t e n t   of  t h e   c o u n t e r   226  i s   r e a d   in  t h e  

10  a d d e r   246  w h i c h   a c c u m u l a t e s   t he   p u l s e   n u m b e r s   c o r r e s p o n d -  

ing  to  t h e   s e r i e s   of  r e a c t i o n   t i m e s   T r .  

In  c a s e   of  a  p a r t i c u l a r   s u b j e c t   t he   s t a r t i n g  

l a t e n t   t i m e   TD  d e p e n d s   on  many  f a c t o r s   l i k e   a g e ,   s e x ,  

e d u c a t i o n ,   p r o f e s s i o n ,   e t c .   I t   can  be  p r e f e r a b l e   t o  

15  b e g i n   t h e   t e s t   w i t h   a  c o m p a r a t i v e l y   l o n g e r   l a t e n t   t i m e  

b u t   to   b e g i n   t h e   a c t u a l   m e a s u r e m e n t s   o n l y   i n   a  l a t e r  

p h a s e   when  t h e   l a t e n t   t i m e   TD  i s   a l r e a d y   s h o r t e r .   T h e  

a p p r o p r i a t e   r a t e   s e l e c t i o n   i s   f a c i l i t a t e d   by  t he   d a t a  

s t o r e d   in  t h e   r e a d   o n l y   m e m o r i e s   204  and  2 0 6 ,   and  i n  

20  r e s p o n s e   to   t h e s e   d a t a   t h e   c o n t r o l   u n i t   e n a b l e s   t h e  

e x a m i n a t i o n   t h r o u g h   t h e   l i n e   248  in   t h e   a p p r o p r i a t e   m o m e n t s  

when  t he   r a t e   i s   s u i t a b l e   f o r   t h e   s u b j e c t .   The  a d d e r  

246  and  t h e   c o u n t e r s   2 3 2 ,   240  and  244  s t a r t   f u n c t i o n i n g  

o n l y   i f   an  e n a b l e   s i g n a l   i s   d e l i v e r e d   t h r o u g h   t h e   l i n e  

25  248 .   The  m e a s u r e m e n t   s h o u l d   be  a c c o m p l i s h e d   d u r i n g   a  

p r e d e t e r m i n e d   number   of  f l a s h e s   w h i c h   i s   t y p i c a l l y   2 0 .  

When  t h e   c o u n t e r   244  r e a c h e s   t h i s   n u m b e r ,   i t   d e l i v e r s  

a  s i g n a l   to   t h e   c o n t r o l   u n i t   202  to   s t o p   t h e   o p e r a t i o n .  

The  s e c o n d   r a n d o m   g e n e r a t o r   218  p r o v i d e s   f o r   t h e  

30  r andom  d i s t r i b u t i o n   of   t h e   f l a s h e s   among  t h e   f o u r   d i s -  

p l a y   s e g m e n t s .   F o l l o w i n g   t h e   s t a r t i n g   of  e a c h   f l a s h  

p u l s e ,   t h e   s a m p l e   and  h o l d   c i r c u i t   224  r e c e i v e s   a  s a m p l e  

command  to   s a m p l e   and  s t o r e   t h e   a c t u a l   c o n d i t i o n   o f  

t h e   o u t p u t   l i n e s   of  t h e   d i s p l a y   56  of  w h i c h   o n l y   one  c a n  
35  be  in  o n - c o n d i t i o n .   I f   in   r e s p o n s e   to   t h e   f l a s h i n g ,  

t he   key  i s   p u s h e d   w h i c h   i s   a s s o c i a t e d   w i t h   t h e   a c t i v e  



■  dd  -  

J Z U b U U   {  

d i s p l a y   s e g m e n t ,   t h e n   t h e   o u t p u t   of  t h e   c o i n c i d e n c e  

d e t e c t o r   230  g e t s   a c t i v a t e d ,   w h e r e b y   t h e   c o u n t e r   2 3 2  

i s   i n c r e a s e d   and  t h e   r i g h t   a n s w e r   i s   r e c o r d e d .  

The  a c o u s t i c   b l o c k i n g   e v e n t s   a r e   s e n s e d   by  m e a n s  

5  of  t h e   c o u n t e r   240 .   The  c o u n t e r   24-0  i s   s t e p p e d   i f   t h e r e  

i s   no  s i g n a l   a t   t h e   o u t p u t   of  t h e   OR  g a t e   234  and  t h e r e  

was  an  a c o u s t i c   s i g n a l .   T h i s   l o g i c a l   c o n d i t i o n   c o r r e s p o n d s  

to  an  e f f e c t i v e   b l o c k i n g ,   in   w h i c h   t h e   r e a c t i o n   to  t h e  

c o m b i n e d   v i s u a l   and  a c o u s t i c   s i g n a l s   was  c o r r e c t .  

.0  A  v a l u e   S2  c h a r a c t e r i s t i c   to   t h e   a c t u a l   m e n t a l  

c o n d i t i o n   can  be  d e f i n e d   by  t h e   f o l l o w i n g   e x p r e s s i o n :  

T  ■ 
S2  =  a21  - j p -   +  a22  RA  +  a2?   EB  ( 5 )  

In  t h i s   e x p r e s s i o n   (5)  N  d e s i g n a t e s   t h e   c o u n t   in   t h e  

L5  c o u n t e r   244  f o l l o w i n g   t h e   m e a s u r e m e n t   i . e .   t h e   n u m b e r  

of  a l l   v i s u a l   f l a s h i n g s ,   T r i   d e s i g n a t e s   t h e   sum  of  t h e  

r e s p e c t i v e   r e a c t i o n   t i m e s   w h i c h   i s   g i v e n   by  t h e   a d d e r  

2 4 6 ,   RA  d e s i g n a t e s   t h e   n u m b e r   of  r i g h t   a n s w e r s   o b t a i n e d  

by  t h e   c o u n t e r   2 3 2 ,   and  EB  d e s i g n a t e s   t h e   n u m b e r   o f  

20  e f f e c t i v e   b l o c k s   w h i c h   i s   e q u a l   to   t h e   c o n t e n t   of  t h e  

c o u n t e r   2 4 0 .  

The  c o n s t a n t   memory  252  s u p p l i e s   t h e   v a l u e s   of  t h e  

c o e f f i c i e n t s   to   t h e   a r i t h m e t i c a l   and  l o g i c a l   u n i t   2 5 0 ,  

and  t h i s   l a t t e r   r e c e i v e s   a l l   o t h e r   d a t a   f rom  t h e   a d d e r  

25  246  and  f r o m   t h e   c o u n t e r s   2 3 2 ,   240  and  244 ,   and  i t  

c a l c u l a t e s   and  s u p p l i e s   t h e   v a l u e   S 2 .  

I t   i s   t r u e   a l s o   f o r   t h i s   e x a m i n a t i o n   t h a t   i n s t e a d  

of  a c c u r a t e   v a l u e s ,   r a n g e s   l i k e   h i g h ,   medium  and  l o w  

can  g i v e   more  a d e q u a t e   i n f o r m a t i o n   on  t h e   a c t u a l   c o n d i -  

30  t i o n .   The  a c t u a l   r a n g e   i s   d e t e r m i n e d   by  t he   c o m p a r a t o r  

254  d e p e n d i n g   on  w h e t h e r   t h e   v a l u e   S2  i s   b e t w e e n   t w o  

c o n s t a n t   t r e s h o l d   v a l u e s   K21  and  K22,   or  i t   i s   h i g h e r  

or  l o w e r   t h a n   t h e s e   v a l u e s .  

T y p i c a l   v a l u e s   of  t h e   c o e f f i c i e n t s   and  c o n s t a n t s  

35  f o r   t h e   m e n t a l   c o n d i t i o n   e x a m i n a t i o n s   a r e   as  f o l l o w s :  

a21  =  ~64  =  +1  a23  =  +1  K21  =  K22  =  ~ 1 , 6  
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T h e s e   v a l u e s   c a n ,   of  c o u r s e ,   c h a n g e   d e p e n d i n g   on  v a r i o u s  

f a c t o r s   l i k e ,   s e x ,   a g e ,   n a t i o n a l   c h a r a c t e r ,   p r o f e s s i o n  

e t c .  

The  v a l u e   S2  g i v e s   r e a l l y   a  good   i n d i c a t i o n   o n  

5  t h e   m e n t a l   c o n d i t i o n ,   s i n c e   t h e   r e a c t i o n   t i m e   w h i c h  

i s   c h a r a c t e r i s t i c   o n l y   to   t he   m o t o r i a l   m e c h a n i s m   of  t h e  

o r g a n i z a t i o n ,   has   a  n e g a t i v e   w e i g h t   in  t he   e x p r e s s i o n ,  

and  i f   t h i s   m o t o r i a l   r e p r e s e n t a t i o n   i s   d e d u c t e d   f r o m  

t h e   f a c t o r   e x p r e s s i n g   t h e   c o r r e c t n e s s   of  t h e   s e l e c t i o n a l  

LO  r e a c t i o n   t e s t ,   a  n u m b e r   i s   o b t a i n e d   w h i c h   i s   c h a r a c t e r i s t i c  

to  t h e   m e n t a l   i n f o r m a t i o n   p r o c e s s i n g   a b i l i t y ,   and  t h i s  

a b i l i t y   i s   a  f e a t u r e   w h i c h   can  not   be  d e r i v e d   d i r e c t l y  

by  any  k i n d s   of  t e s t s   or  e x a m i n a t i o n s .   The  m e n t a l  

i n f o r m a t i o n   p r o c e s s i n g   a b i l i t y   i s   a  f u n c t i o n   of  t h e  

15  a c t u a l   m e n t a l   c o n d i t i o n .   S i m i l a r l y ,   t h e   a c t u a l   m e n t a l  

c o n d i t i o n   d e t e r m i n e s   t h e   e x t e n t   how  much  t h e   s u b j e c t  

u n d e r   t e s t   can   p r o c e s s   t h e   a c o u s t i c   b l o c k i n g   s t i m u l a -  

t i o n s .  

The  a b o v e   e x p l a n a t i o n (   w i t h o u t   r e f e r r i n g   t o  

20  s o p h i s t i c a t e d   i n t e r r e l a t i o n s   in  t h e   f i e l d   of  i n f o r m a t i o n  

t h e o r y )   t r i e d   to   v i s u a l i z e   f o r   t h e   r e a d e r   t h a t   t h e   v a l u e  

S2  i s   a p p r o p r i a t e   f o r   e x p r e s s i n g   t h e   a c t u a l   m e n t a l  

c o n d i t i o n ,   i t s   d e t e r m i n a t i o n   i s   b a s e d   on  a  s c i e n t i f i c  

m e t h o d ,   t h e r e f o r e   t h i s   v a l u e   has  a  g e n e r a l   v a l i d i t y .  

25  P r o b l e m a t i c   can   be  t h e   e s t a b l i s h m e n t   of  t h e   c o e f f i c i e n t s  

and  t r e s h o l d   v a l u e s ,   h o w e v e r ,   t h e   p r o b l e m   g e t s   l e s s  

c o m p l e x   w i t h   t h e   u s a g e   of  t h r e e   q u a l i f i c a t i o n s   o n l y ,  

a l t h o u g h   t h e   m e a s u r e m e n t   i s   c a p a b l e   of  o f f e r i n g   a  f i n e r  

e v a l u a t i o n .  

30  R e f e r e n c e   i s   made  now  to  FIG.   5  w h i c h   shows  t h e  

b l o c k   d i a g r a m   of  t h e   p h y s i c a l   c o n d i t i o n   e x a m i n i n g   u n i t  

300  shown  in   FIG.   2 .  

The  e x a m i n a t i o n   of  t h e   p h y s i c a l   c o n d i t i o n   i s  

b a s e d   on  m e a s u r e d   v a l u e s   of  t h e   h e a r t   r a t e   s a m p l e d  

35  f o l l o w i n g   a  p h y s i c a l   l o a d   and  a  g i v e n   r e s t   t h e r e a f t e r .  

On  t h e   b a s i s   of  c h a r a c t e r i s t i c   d a t a   of  t he   s u b j e c t  
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l i k e   w e i g h t ,   h e i g h t ,   a g e ,   s e x ,   e t c .   t h e   n u m b e r   o i  

p h y s i c a l   e x c e r c i s e s   i s   d e t e r m i n e d   by  u s i n g   an  a p p r o p r i a t e  

t a b l e .   I t   i s   p r e f e r a b l e   i f   t h e   e x c e r c i s e s   c o m p r i s e   c r o u c h  

t a s k s   w h i c h   s h o u l d   be  made  as  f a s t   as  p o s s i b l e .   The  c r o u c h  

5  e x c e r c i s e s   s h o u l d   be  made  w i t h   t h e   a p p a r a t u s   i n   h a n d ,  

and  t h e   d i s p l a y   shows   p r e f e r a b l y   t h e   number   of  e x c e r c i s e s  

to  be  c a r r i e d   ou t   and  t h i s   v a l u e   i s   d e c r e a s e d   one  by  o n e  

f o l l o w i n g   e a c h   s u c c e s f u l   c r o u c h .   T h i s   d e c r e a s e   can  b e  

c o n t r o l l e d   m a n u a l l y   by  p u s h i n g   a  key  a t   e v e r y   e x c e r c i s e  

LO  or  a u t o m a t i c a l l y   by  means   of  an  a c c e l e r a t i o n   s e n s o r .  

The  t i m e   r e q u i r e d   f o r   c o m p l e t i n g   a  p r e d e t e r m i n e d  

n u m b e r   of  c r o u c h   e x c e r c i s e s   is   m e a s u r e d ,   end  t h e   h e a r t  

r a t e   j u s t   a f t e r   t h e   e x c e r c i s e s   i s   a l s o   m e a s u r e d .   T h i s  

i s   f o l l o w e d   by  a  r e s t   p h a s e   f o r   a  p r e d e t e r m i n e d   t i m e ,  

15  w h e r e a f t e r   t h e   h e a r t   r a t e   i s   m e a s u r e d   a g a i n .   T h e  

p h y s i c a l   c o n d i t i o n   i s   d e t e r m i n e d   on  t h e   b a s i s   of  t h e  

two  h e a r t   r a t e   m e a s u r e m e n t s   and  of  t h e   t i m e   e l a p s e d  

b e t w e e n   t h e s e   m e a s u r e m e n t s .  

In  FIG.   5  a  c o n t r o l   u n i t   302  i s   shown  to  w h i c h  

20  a  f i r s t   t i m e r   304  and  a  s e c o n d   t i m e r   306  t r i g g e r e d   b y  

t h e   f i r s t   one  a r e   c o n n e c t e d .   S t a r t   key  308  p r o v i d e s   f o r  

t r i g g e r i n g   t h e   s t a r t i n g   moment .   The  d a t a   a s s o c i a t e d  

w i t h   t h e   s u b j e c t   a r e   s t o r e d   in  p e r s o n a l   s t o r e   310  and  i n  

e x c e r c i s e   s t o r e   3 1 2 .  

25  The  p u s h i n g   of  t h e   s t a r t   key  308  r e s u l t s   in   t h e  

i n d i c a t i o n   of  t h e   n u m b e r   N  of  t he   e x c e r c i s e s   to   b e  

c a r r i e d   o u t   on  t h e   d i s p l a y   56  and  in   t h e   s t a r t   of  t h e  

t i m i n g   of  t h e   f i r s t   t i m e r   304.   The  s u b j e c t   s t a r t s   m a k i n g  

t h e   c r o u c h   e x c e r c i s e s   and  at   e a c h   c r o u c h   an  e x c e r c i s e  

30  s e n s o r   s w i t c h   314  d e l i v e r s   an  i n d i c a t i o n   to  t h e   c o n t r o l  

u n i t   302  w h i c h   r e s p o n d s   by  d e c r e a s i n g   t h e   d i s p l a y e d  

v a l u e   one  by  o n e .  

When  t h e   p r e d e t e r m i n e d   number   N  of  t h e   e x c e r c i s e s  

i s   c o m p l e t e d ,   t h e   f i r s t   t i m e r   304  r e c e i v e s   a  s t o p   c o m m a n d  

35  and  s t a r t s   t h e   s e c o n d   t i m e r   306  w h i c h   p r o v i d e s   f o r   a  

p r e d e t e r m i n e d   t i m i n g ,   e . g .   f o r   2  m i n u t e s .   The  p u l s e  
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s e n s o r   20  and  t h e   h e a r t   r a t e   m e a s u r i n g   b l o c k   52  g i v e  
d i r e c t l y   or  t h r o u g h   a  h e a r t   r a t e   c a l c u l a t i n g   u n i t  

316  t h e   a c t u a l   h e a r t   r a t e   v a l u e   to   s w i t c h   318  c o n t r o l l -  

ed  by  t h e   c o n t r o l   u n i t   302  in   s u c h   a  way  t h a t   t h i s  

5  h e a r t   r a t e   v a l u e   w i l l   be  r e a d   in  a  f i r s t   s a m p l e   a n d  

s t o r e   320  r e c e i v i n g   t h i s   t i m e   a  s a m p l i n g   c o m m a n d .  

When  t h e   s e c o n d   t i m e r   306  p r o v i d e s   t h e   t i m i n g  

s i g n a l ,   t h e   s w i t c h   318  c h a n g e s   o v e r   and  c o n n e c t s   a  
s e c o n d   s a m p l e   and  s t o r e   322  to  t h e   o u t p u t   of  t h e   h e a r t  

10  r a t e   c a l c u l a t i n g   u n i t   316 ,   and  a  s a m p l e   command  i s  

d e l i v e r e d   f o r   r e a d i n g   t h e   h e a r t   r a t e   a t   t h e   end  of  t h e  
r e l a x a t i o n   p h a s e   in  t h e   s e c o n d   s a m p l e   and  s t o r e   3 2 2 .  

The  t i m e   v a l u e   s t o r e d   in  t h e   f i r s t   t i m e r   3 0 4  
and  t h e   v a l u e s   in   t h e   f i r s t   and  s e c o n d   s a m p l e   a n d  

15  s t o r e s   320 ,   322  a r e   p a s s e d   to  a r i t h m e t i c a l   and  l o g i c a l  
u n i t   324  w h i c h   u t i l i z e s   c o e f f i c i e n t s   s t o r e d   in   c o n s t a n t  

memory  326  and  g e n e r a t e s   a  c o n d i t i o n   v a l u e   S 3 .  
The  v a l u e   S3  i s   p a s s e d   to   c o m p a r a t o r   328  to   b e  

c o m p a r e d   w i t h   t r e s h o l d   v a l u e s   s t o r e d   in   s e c o n d   c o n s t a n t  
20  memory  3 3 0 ,   and  t h e   r e s u l t   of  t h e   c o m p a r i s o n   i s   a p p l i e d  

to  d i s p l a y   56d  w h i c h   can  be  made  of  a  d i s p l a y   s e g m e n t  
of  t h e   d i s p l a y   5 6 .  

The  c u r v e   of  t h e   h e a r t   r a t e   d u r i n g   t h e   e x a m i n a -  

t i o n   i s   i l l u s t r a t e d   in  FIG.   10.  The  h e a r t   r a t e   i n c r e a s e s  

25  d u r i n g   t h e   e x c e r c i s e s ,   and  t h e   p r e d e t e r m i n e d   n u m b e r   N 

of  e x c e r c i s e s   i s   a c c o m p l i s h e d   in   moment   t^»   The  h e a r t  

r a t e   v a l u e   HR1  in   t h e   end  moment  t ^   of  t h e   e x c e r c i s e s  

and  t h e   d u r a t i o n   Tl   of  t h e   e x c e r c i s e   p h a s e   a r e   r e c o r d e d .  

The  e x c e r c i s e   p h a s e   i s   f o l l o w e d   by  a  r e l a x a t i o n   ( r e s t )  

30  p h a s e   f o r   a  t i m e   T2,   and  in   t h e   end  moment  of  t h i s  

p h a s e   t h e   a c t u a l   h e a r t   r a t e   HE2  i s   m e a s u r e d   and  r e c o r d -  

e d .  

In  a c c o r d a n c e   w i t h   e x p e r i m e n t a l   t e s t s   t h e  

a c t u a l   p h y s i c a l   c o n d i t i o n   can  w e l l   be  r e p r e s e n t e d   by  a  

35  v a l u e   S3  d e f i n e d   as  f o l l o w s :  
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,  T_.  HR1  —  HR2 
S3  =  a51HRl   +  a 5 2 T l   +  a$5  —  ̂   ( 6 )  

The  v a l u e   S3  i s   c o m p a r e d   w i t h   two  t r e s h o l d   v a l u e s  

and  Kj2  to  o b t a i n   d i s c r e t e   r a n g e   v a l u e s   f o r   t h e   p h y s i c a l  

5  c o n d i t i o n   as  i t   was  d e s c r i b e d   h e r e i n a b o v e   in   c o n n e c -  

t i o n   w i t h   t h e   o t h e r   two  k i n d s   of  m e a s u r e m e n t s .  

T y p i c a l   d a t a   f o r   t h e   c o n s t a n t s   in   c a s e   of  T2  =  2  

m i n u t e s   a r e   as  f o l l o w s :  

a51  =  - 0 . 1   a52  =  - 0 . 1   a ^   =  +10  =  - 8 . 2   K^2  =  - 1 1 . 3  

LO  The  a p p a r a t u s   shown  in  FIG.  5  can  be  i m p l e m e n t e d  

in  s e v e r a l   ways   on  t he   b a s i s   of  t he   f o r e g o i n g   d e s c r i p -  

t i o n ,   h o w e v e r ,   in  v iew  of  t h e   r e l i a b i l i t y   of  t h e  

m e a s u r e m e n t s   t h e   a c t u a l   d e s i g n   of  t h e   h e a r t   r a t e   m e a s u r -  

ing   b l o c k   52  i s   of  o u t s t a n d i n g   s i g n i f i c a n c e .   FIG.   7  

15  shows  a  n o v e l   a r r a n g e m e n t   of  t h e   h e a r t   r a t e   m e a s u r i n g  

b l o c k   52  w h i c h   i s   b e l i e v e d   to  be  s u i t a b l e   f o r   p e r f o r m -  

ing  r e l i a b l e   and  a c c u r a t e   h e a r t   r a t e   m e a s u r e m e n t s .  

The  p u l s e   s e n s o r   20  has   a  c o n v e n t i o n a l   d e s i g n  

and  i t   c o m p r i s e s   a  l i g h t   e m i t t i n g   d i o d e   62  e m i t t i n g  

20  l i g h t   in   t h e   i n f r a r e d   r a n g e   and  a  l i g h t   s e n s i t i v e  

t r a n s i s t o r   64  a r r a n g e d   in   t h e   beam  p a t h .   The  d i o d e   6 2  

can  be  i m p l e m e n t e d   e . g .   by  t h e   d e v i c e   of  TEXAS  I n s t r u m e n t s  

I n c .   t y p e   TIL  31  and  t h e   t r a n s i s t o r   64  can  be  made  o f  

t h e   t y p e   TIL  81  of  t h e   same  m a n u f a c t u r e r .  

25  A  c u r r e n t   g e n e r a t o r   66  i s   a r r a n g e d   in   t h e   c o l l e c t o r  

p a t h   of  t h e   t r a n s i s t o r   64 ,   and  t h e   c o l l e c t o r   v o l t a g e   o f  

t h e   t r a n s i s t o r   64  i s   d e t e r m i n e d   by  t h e   amoun t   of  l i g h t  

f l u x   w h i c h   l a t t e r   i s   d e p e n d e n t   on  t h e   o p t i c a l   a t t e n u a t i o n  

of  t h e   f i n g e r   i n s e r t e d   in   t h e   beam  p a t h .  

30  The  c u r r e n t   s u p p l y   of  t h e   d i o d e   62  i s   p r o v i d e d  

t h r o u g h   a  f e e d b a c k   l o o p   and  t he   l i g h t   i n t e n s i t y   t h e r e o f  

i s   d e p e n d e n t   on  t h e   c o l l e c t o r   c u r r e n t   of  t r a n s i s t o r   6 8 .  

A  r e g u l a t i n g   c i r c u i t   w i t h   i n t e g r a t i n g   o u t p u t   p r o p e r t i e s  

70  i s   c o u p l e d   to  t h e   b a s e   of  t h e   t r a n s i s t o r   68  w h i c h  

35  has   a  t i m e   c o n s t a n t   a b o u t   2  s.  The  r e g u l a t i n g   c i r c u i t  

70  has   a  f i r s t   i n p u t   to   w h i c h   a  v o l t a g e   VQ  i s   a p p l i e d  
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and  an  o t h e r   i n p u t   c o n n e c t e d   to   t h e   c o l l e c t o r   of  t h e  

t r a n s i s t o r   64 .   The  two  i n p u t s   of  t h e   r e g u l a t i n g   c i r c u i t  

70  a r e   c o n n e c t e d   to   i n p u t s   of  a  d i f f e r e n t i a l   a m p l i f i e r  

72  h a v i n g   an  o u t p u t   p r o v i d i n g   t h e   h e a r t   r a t e   s i g n a l .  

5  The  t r a n s i s t o r   64  o p e r a t e s   in   o p t i m u m   c o n d i t i o n  

i f   t h e   i n c i d e n t   f l u x   f a l l s   in   t h e   medium  r a n g e   of  t h e  

l i g h t   f l u x -   c o l l e c t o r   c u r r e n t   c u r v e   t h e r e o f .   The  c u r r e n t  

of  t h e   c u r r e n t   g e n e r a t o r   66  and  t h e   v o l t a g e   VQ  a r e  

a d j u s t e d   in   such   a  way  t h a t   in  c a s e   of  a  f i n g e r   w i t h  

10  a v e r a g e   t r a n s p a r e n c y   t h e   l i g h t   e m i t t e d   by  t h e   d i o d e   6 2  

c o r r e s p o n d s   to  t he   o p t i m u m   w o r k i n g   c o n d i t i o n   of  t h e  

t r a n s i s t o r   64 .   I f   t he   o p t i c a l   a t t e n u a t i o n   b e t w e e n   t h e  

d i o d e   62  and  t he   t r a n s i s t o r   64  i s   i n c r e a s e d ,   t h e  

c o l l e c t o r   c u r r e n t   of  t h e   t r a n s i s t o r   64  d e c r e a s e s   a n d  

15  t he   c u r r e n t   g e n e r a t o r   66  d r i v e s   t h e   c u r r e n t   d i f f e r e n c e  

to  t h e   i n p u t   r e s i s t o r   of  t h e   r e g u l a t i n g   c i r c u i t   7 0  

( o r   to   an  o t h e r   c o r r e s p o n d i n g   r e s i s t o r   no t   shown  i n  

t he   d r a w i n g )   .  The  v o l t a g e   at  t h e   s e c o n d   i n p u t   of  t h e  

r e g u l a t i n g   c i r c u i t   70  w i l l   be  i n c r e a s e d   c o m p a r e d   to   t h e  

20  v o l t a g e   VQ,  and  t h e   t r a n s i s t o r   68  r e c e i v e s   a  h i g h e r  

d r i v i n g   c u r r e n t ,   w h e r e b y   t h e   c u r r e n t   t h r o u g h   t h e   l i g h t  

e m i t t i n g   d i o d e   62  and  t h e   l i g h t   i n t e n s i t y   t h e r e o f   w i l l  

i n c r e a s e   and  t h e   t r a n s i s t o r   64  i s   s e t   c l o s e r   to   t h e  

o p t i m u m   w o r k i n g   p o i n t .  

25  Owing  to  t he   t i m e   c o n s t a n t   of  a b o u t   2 s ,   t h e  

p e r i o d i c   c h a n g i n g   of  t h e   t r a n s p a r e n c y   of  t h e   f i n g e r  

due  to   p u l s a t i o n   w i l l   no t   be  f o l l o w e d   by  a  c o r r e s p o n d -  

ing   f l u c t u a t i o n   of  t h e   c u r r e n t   of  t h e   t r a n s i s t o r   6 8 ,  

w h i c h   w i l l   a l w a y s   c o r r e s p o n d   to   t h e   a v e r a g e   t r a n s p a r e n c y  

30  of  t h e   f i n g e r .   D u r i n g   p u l s a t i o n   t h e   d i f f e r e n c e   in   t h e  

c u r r e n t s   of  t h e   c u r r e n t   g e n e r a t o r   66  and  of  t h e   t r a n s i s t o r  

64  g e n e r a t e s   a  s i g n i f i c a n t   v o l t a g e   d i f f e r e n c e   b e t w e e n  

t h e   two  i n p u t s   of  t h e   d i f f e r e n t i a l   a m p l i f i e r   72 ,   f r o m  

w h i c h   t h i s   l a t t e r   can  g e n e r a t e   a  d e f i n i t e   h e a r t   r a t e  

35  s i g n a l .  

By  means   of  r e g u l a t i n g   t h e   l i g h t   of  t h e   d i o d e  
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62  t h e   c i r c u i t   a r r a n g e m e n t   snown  ±u  x x u .   /  s e w   o ^ c  

t r a n s i s t o r   64  a l w a y s   in   t h e   o p t i m u m   w o r k i n g   r a n g e .  

In   s p i t e   of  a  c h a n g i n g   or  v a r y i n g   f i n g e r   t r a n s p a r e n c y  

t h e   l e v e l   of  t he   p u l s e   s i g n a l   a t   t h e   c o l l e c t o r   of  t h e  

5  t r a n s i s t o r   64  r e m a i n s   a l w a y s   in   t h e   w e l l   d e t e c t a b l e  

r a n g e .  
The  t e c h n i c a l   s o l u t i o n   a c c o r d i n g   to   t h e   i n v e n -  

t i o n   can  be  u s e d   in   t h e   f i r s t   p l a c e   in  t h e   c o m b i n a t i o n  

as  shown  in   F I G s . l   and  2,  in  w h i c h   i t   i s   c a p a b l e   o f  

0  i n d i c a t i n g   t h e   a c t u a l   s t a t u s   of  t h e   b i o r y t h m   of  t h e  

s u b j e c t .   In   t h e   t h r e e   main   r y t h m i c a l   s p h e r e s ,   e . g .   i n  

t h e   e m o t i o n a l ,   m e n t a l   and  p h y s i c a l   o n e s   t h e   a c t u a l  

s t a t u s   of  t h e   s u b j e c t   i s   d e t e r m i n e d   on  t h e   b a s i s   o f  

o b j e c t i v e   m e a s u r e m e n t s .  

.5  For   t h e   m e a s u r e m e n t s   of  t h e   i n d i v i d u a l   c o n d i t i o n s ,  

t h e   a u t o n o m   b l o c k s   of  t h e   t e c h n i c a l   s o l u t i o n   a c c o r d i n g  

to  t h e   i n v e n t i o n   can  be  u s e d   i n d e p e n d e n t l y .   I t   i s   a l s o  

p o s s i b l e   e . g .   to  g i v e   i n d i c a t i o n   f o r   t h e   n u m e r i c a l  

v a l u e s   of  t h e   l e v e l s   S I ,   S2  and  S3  or  to  a l l o c a t e   t h e s e  

10  l e v e l s   in   a  h i g h e r   number   of  r a n g e s .   The  a u t o n o m  

m e a s u r e m e n t s   a r e   no t   i n f l u e n c e d   any  more  by  t h e  

r e q u i r e m e n t s   c o n n e c t e d   w i t h   t h e   s m a l l   s i z e ,   t h e r e f o r e  

e . g .   t h e   e x a m i n a t i o n   of  t h e   e m o t i o n a l   c o n d i t i o n   c a n  

a l s o   be  c a r r i e d   ou t   on  t h e   b a s i s   of  EEG  s p e c t r u m  

25  a n a l y s i s .  

The  d e t a i l s   r e l a t i n g   to   t h e   o p t i m u m   m e a s u r e m e n t s  

of  t h e   s k i n   c o n d u c t a n c e   and  t h e   h e a r t   r a t e   in   a d d i t i o n  

to   t h e i r   a d v a n t a g e s   i n   t h e   a p p l i c a t i o n s   d e s c r i b e d  

h e r e i n a b o v e ,   can  w e l l   be  u s e d   in   o t h e r   e q u i p m e n t s   o r  

30  i n s t r u m e n t s ,   t o o .  
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Cla ims 

5  J.  Apparatus  for  measuring  the  actual  psycho-physiological  condition  of  a 

subject,  charac ter ized   by: 

-  a  case  (10)  to  be  held  in  hand;  

-  sensors  (22,  24)  engaging  fingers  holding  the  case  (10)  to  detect  skin 

c o n d u c t a n c e ;  
10  -  a  pulse  sensor  (20)  engaging  a  finger  holding  the  case  (10); 

-  a  keyboard  (26)  arranged  in  a  surface  of  the  case  (10)  with  ident ica l  

keys  (30,  32,  3k,  36); 

-  a  display  (28)  arranged  in  said  surface  with  display  segments  (38,  40,  42, 
44)  associated  with  respective  ones  of  said  keys  (30,  32  34,  36); 

15  -  a  block  (100)  arranged  for  determining  the  actual  emotional  condit ion 

which  comprises :  

-  a  skin  conductance  measuring  block  (60)  connected  to  said  sensors  (22, 

-  a  feedback  unit  (58)  for  delivering  an  indication  for  said  subject  in 
20  response  to  actual  skin  conductance  values 

-  a  block  (200)  for  determining  the  actual  mental  condition  which  compr i -  

ses:  

-  a  pulse  source  (212)  for  providing  light  pulses  on  said  display  segments  

(38,  40  42,  44)  in  a  random  dis t r ibut ion,  
25  -  an  audio  signal  source  (46)  providing  audio  signal  together  with  se lec-  

ted  ones  of  said  light  pulses  according  to  a  random  select ion,  

-  a  means  (230)  for  detecting  the  simultaneous  activation  of  a  pair  o f  

associated  key  and  display  s egmen t ,  

-  a  block  (300)  for  determining  the  actual  physical  condition  which  com-  
30  pr ises :  

-  a  heart  rate  measuring  means  (52)  associated  with  said  pulse  sensor 

(20), 

-  a  means  for  determining  the  efficiency  of  repeated  physical  excerc ises  

made  by  said  subject ,  
35  -  an  ar i thmetical   and  logical  unit  (124,  250,  324)  associated  with  said  con-  

dition  determining  blocks  (100,  200,  300)  for  deter  ming  r e spec t ive  

weighted  sums  of  measuring  results  provided  by  said  blocks. 



1  2.  The  apparatus  as  claimed  in  claim  1,  charac te r ized   oy  comprising  m e m o -  

ries  (126,  204,  206,  310,  312)  associated  with  said  condition  de te rmining  

blocks  (100,  200,  300)  storing  constant  values  depending  on  certain  data  o f  

said  subject,  said  constant  values  being  supplied  to  said  ar i thmetic  and  lo- 

5  gicai  unit  (124,  250,  324)  as  weighting  f ac to r s .  

3.  The  apparatus  as  claimed  in  claim  2,  charac te r ized   by  comprising  means  

(128,  254,  328)  for  providing  cathegories  by  comparing  said  weighted  sums 

with  predetermined  treshold  levels.  

.0 

4.  The  apparatus  as  claimed  in  claim  1,  charac te r ized   by  comprising  a  single 

common  ari thmetical   and  logical  unit  (50),  and  a  controi  unit  for  opera t ing  

said  blocks  In  accordance  with  tasks  given  for  said  subjec t .  

L5  5.  A  method  for  determining  the  cathegory  level  of  the  actual  emot ional  

condition  of  a  subject,  charac te r ized   by  comprising  the  steps  of  Inducing 

the  subject  to  perform  an  autogen  training  based  an  a  biofeedback  in 

which  he  or  she  already  has  at  least  some  experience  in  a  first  phase  for 

a  predetermined  time  counted  from  a  starting  moment,  recording  a  r ep re -  

20  sentation  of  the  feedback  value  in  said  starting  moment,  giving  a  task  for 

said  subject  that  in  first  phase  a  relaxed  condition  should  be  reached,  re -  

cording  the  actual  value  of  said  feedback  representa t ion   in  the  ending  mo- 

ment  of  said  first  phase,  carrying  out  said  autogen  training  in  a  second 

phase  immediately  following  said  first  phase  for  a  second  p r e d e t e r m i n e d  

25  time,  in  which  giving  a  task  for  said  subject  to  reach  an  active  condit ion,  

recording  said  feedback  representa t ion  in  the  end  moment  of  said  second 

phase,  and  determining  said  cathegory  level  on  the  basis  of  a  iinear  c o m -  

bination  of  the  relative  changes  of  said  recorded  feedback  r ep resen ta t ions  

during  said  phases.  

3 0  

6.  The  method  as  claimed  in  claim  5,  cha rac te r i zed   in  that  in  both  of  said 

phases  during  performance  of  the  biofeedback  the  signal  fed  back  to  t he  

subject  is  adjusted  to  be  proportional  to  the  relative  change  of  said  r epre -  

sentation  relative  to  the  same  representa t ion  measured  in  the  beginning  o f  

35  the  actuai  phase. 
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1  7.  The  method  as  claimed  In  claim  6,  charac te r ized   In  that  said  signal  Is  an 

audio  signal  with  a  frequency  being  said  adjusted  value,  and  this  f requency  

is  made  directly  perceptible   for  the  subject  and/or  readable  in  a  numer ica l  

displayed  form. 

5  

8.  The  method  as  claimed  In  claim  5,  charac te r ized   In  that  said  b iofeedback 

Is  based  on  measured  values  of  the  skin  conductance  of  the  subject .  

9.  The  method  as  claimed  In  claim  5,  charac te r ized   in  that  the  values  of  co- 

10  efficients  in  said  linear  combination  and  treshoid  levels  of  said  ca thegor ies  

being  selected  depending  on  values  of  predetermined  data  of  said  subject .  

10.  Apparatus  for  determining  the  level  of  the  actual  emotional  condition  of  

a  subject,  charac te r ized   by  comprising  a  block  (60)  for  measuring  the  

15  skin  conductance,   a  sample  and  hold  circuit  (102)  with  an  Input  coupled 

to  the  output  of  said  block  (60),  a  divider  (104)  haying  a  first  input 

connected  to  the  output  of  said  block  (60)  to  receive  a  signal 

representing  the  actual  skin  conductance  and  a  second  Input  coupled  to  

the  output  of  said  sample  and  hold  circuit  (102)  to  receive  a  sampled  

20  signal  representing  an  earlier  value  of  the  skin  conductance,   said  divider 

(104)  has  an  output  providing  the  ratio  of  said  actual  and  earlier  values 

of  said  signal,  an  acoustic  coupler  (58)  for  generating  a  feedback  signal 

of  suitable  audio  frequency  from  said  ratio,  timer  means  (116,  134)  for 

determining  end  moments  of  first  and  second  feedback  phases,  and 

25  sample  and  store  means  (120,  122)  with  Inputs  coupled  to  the  output  of  

said  block  (60)  and  with  sampling  Inputs  of  said  timer  means  (116,  134) 

for  sampling  the  measured  skin  conductance  values  in  the  end  moments  

of  said  phases.  

30  11.  The  apparatus  as  claimed  in  claim  10,  charac te r ized   by  further  compri-  

sing  an  ar i thmet ica l   and  logical  unit  (124)  with  inputs  coupled  to  outputs  

of  said  sampie  and  store  means  (118,  120,  122)  to  read  out  the  s to red  

skin  conductance  values,  a  constant  memory  (126)  connected  to  the  a r i th -  

metical  and  logical  unit  (124),  whereby  the  a r i thmet ica l   and  logical  unit 

35  (124)  Is  capable  of  determining  a  level  charac te r i s t ic   to  the  actual  emo-  

tional  values  on  the  basis  of  said  stored  skin  conductance  values  and 

constants  in  said  constant  memory  (126). 
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1  12.  The  apparatus  as  claimed  in  claim  10,  charac te r ized   in  that  said  divider 

(104)  comprises  an  output  supplying  said  ratio  in  a  digital  for,  said  output  

is  coupled  to  a  display  (50). 

5  13.  The  apparatus  as  claimed  in  claim  10,  cha rac te r i zed   by  comprising  a  c a se  

(10)  adapted  to  be  held  in  hand,  said  case  (10)  has  a  side  wall  defining 

recesses  (12,  14,  16,  18)  for  engaging  at  least  a  pair  of  fingers,  sensors 

(20,  22,  24)  arranged  in  said  recesses  and  a  digital  display  (28)  a r ranged  

in  said  case  (10)  for  indicating  the  numerical  value  of  said  ra t io .  

1 0  

14.  Circuit  arrangement   for  measuring  the  skin  conducance,  character ized  by 

comprising  a  pair  of  sensors  (22,  24)  engaging  a  body  surface,  a  res i s tor  

( R ^   with  known  resistance,  a  switching  means  (SSI,  SS2)  for  applying  a 

constant  direct  voltage  al ternat ively  on  said  sensors  (22,  24)  or  on  said 

15  resistor  (Rj^),  a  measuring  means  for  determining  the  current  flowing 

through  said  sensors  (22,  24)  and  through  said  resistor  ( R ^   under  t he  

effect  of  said  voltage,  and  evaluating  means  (164)  connected  to  said 

measuring  means,  which  on  the  basis  of  said  known  resis tance  value  and 

of  the  measured  current  values  provides  the  representa t ion  of  the  con- 
20  ductance  defined  between  said  sensors  (22,  24)  (Fig.  6). 

15.  The  circuit  arrangement   as  claimed  in  claim  14,  cha rac te r i zed   by  com-  

prising  a  transistor  (Tl)  with  a  constant  base  voltage,  said  switching 

means  (SSI,  SS2)  being  arranged  in  the  emit ter   circuit  of  said  t ransis tor ,  
25  said  measuring  means  comprises  a  resistor  (R^)  inserted  in  the  co l lec tor  

path  of  said  transistor  (Tl),  and  said  evaluating  means  comprises  an  ana-  

log-digital  converter  (164)  for  providing  the  digital  representat ion  of  a 

voltage  that  takes  place  across  said  resistor  ( R ^   in  the  collector  path.  

30  16.  The  circuit  arrangement   as  claimed  in  claim  14,  charac te r ized   in  tha t  

said  switching  means  (SSI,  SS2)  being  coupled  to  said  sensors  (22,  24)  for 

substantially  shorter  periods  than  to  said  known  resistors  (R^)- 

17.  A  method  for  determining  the  cathegory  level  of  the  actual  mental  con- 
35  dition  of  a  subject,  charac te r ized   by  comprising  the  steps  of  providing  a 

random  sequenc  of  a  predetermined  number  of  light  signals  for  said  sub- 

ject,  in  which  said  light  signals  being  al located  to  a  p rede termined   num- 
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1  ber  of  display  segments  (38,  40,  42,  44)  in  a  random  distribution  with  uni- 

form  probability  of  activating  any  of  said  segments,  said  segments  have 

Identical  shapes  and  each  of  them  being  associated  with  respective  keys 

(30,  32,  34,  36),  instructing  said  subject  to  push  the  key  associated  with 

5  the  flashing  one  of  said  segments  when  said  flashing  is  pe rcep ted ,  

providing  acoustical  signals  together  with  selected  ones  of  said  light 

signals  according  to  a  random  selection,  Instructing  the  subject  not  to 

push  any  key  when  an  acoustic  signal  Is  perceived,  measuring  the  sum  of  

react/on  times  defined  between  the  moments  of  the  establishments  of  

LO  said  light  signals  and  the  moments  of  pushing  of  the  associated  key, 

measuring  the  number  of  right  pushing  movements  and  the  number  o f  

effect ive  acoustic  blockings,  and  the  mental  condition  is  c a t h e g o r l z e d  

according  to  the  relation  of  a  weighted  sum  of  the  three  measured  values 

to  predetermined  treshold  values. 

15 

18.  The  method  as  claimed  in  claim  17,  cha rac te r i zed   in  that  said  light  sig- 

nals  are  s tarted  depending  on  the  response  of  the  subject  to  the  previous 

light  signal  In  such  a  way,  that  in  said  sequence  the  set  of  times  e lapsed 

between  respective  responses  and  the  subsequent  light  signals  having  a 

20  shortening  tendency,  but  any  next  light  signal  is  generated  even  if  no 

previous  response  has  occured,  when  a  p rede termined   waiting  time  has 

elapsed.  

19.  The  method  as  claimed  in  claim  18,  charac te r ized   in  that  the  length  of  

25  said  sequence  and  the  average  length  of  said  elapsed  times  being  de-  

termined  on  the  basis  of  data  charac ter i s t ic   to  the  subject  such 

as  sex,  age  and  occupat ion.  

20.  Apparatus  for  determining  the  cathegory  ievel  of  the  actual  mental  con-  

30  dition  of  a  subject,  charac ter ized   by  compris ing:  

-  a  pulse  source  (210)  for  generating  a  p rede termined   number  of  pulses, 

-  a  predetermined  number  of  identical  display  segments  (38,  40,  42,  44) 

for  providing  light  signals, 

-  a  first  random  generator  (218)  coupling  the  output  of  said  pulse  source 

35  in  a  random  distribution  to  said  display  segments ,  

-  a  second  random  generator  (222)  coupled  to  the  output  of  said  pulse  ge-  



U £ U O U U   /  

34 

nerator  to  pass  selected  ones  of  said  pulses  according  to  a  random 

se lec t ion ,  

-  an  acoustic  signalizing  means  (46)  to  provide  acoustic  signals  in  res-  

ponse  to  said  selected  pulses, 

-  keys  (30,  32,  34,  36)  associated  with  respective  ones  of  said  display  seg-  

ments  (38,  40,  42,  44), 

-  sensing  means  (230)  for  detecting  the  simultaneous  activation  of  a  dis- 

play  segment  and  the  key  associated  the rewi th ,  

-  a  logic  for  sensing  the  pushing  of  any  of  said  keys, 

-  a  first  time  measuring  means  (226)  coupled  to  the  output  of  said  pulse 

source  and  to  said  logic  to  measure  the  time  elapsed  between  the  s t a r -  

ting  moments  of  the  pulses  and  the  subsequent  key  ac t iva t ions ,  

-  a  first  counter  means  (232)  with  an  input  coupled  to  said  sensing  means 

for  counting  the  number  of  right  answers ,  

-  a  second  counter  means  (240)  coupled  to  said  pulse  source,  to  said  logic 

and  to  said  second  random  generator   (222)  for  counting  the  number  of  

events  in  which  the  release  of  the  acoustical  signal  was  not  a ssoc ia ted  

with  key  ac t iva t ion ,  

-  an  ar i thmet ic   and  logical  unit  (250)  coupled  to  said  first  time  mea-  

suring  means  and  to  said  first  and  second  counter  means  (232,  249)  to  

provide  a  value  from  the  outputs  of  said  coupled  means  and  from 

constants  charac ter i s t ic   to  the  subject  representing  the  actual  men ta l  

condition  of  the  subjec t .  

?1.  The  apparatus  as  claimed  in  claim  20,  charac ter ized   in  that  said  pulse 

source  compr i ses :  

-  a  third  counter  (244)  with  p rede termined   length  for  counting  said  out -  

put  pulses  and  to  stop  the  operation  of  said  source  when  the  p r e d e t e r -  

mined  number  of  pulses  have  been  re leased ,  

-  a  triggered  pulse  genera to r ,  

-  a  third  random  generator  (212)  with  an  input  coupled  to  the  ouptput  of  

said  logic  to  provide  a  trigger  signal  for  said  pulse  generator  with  a 

random  deiay  following  the  pushing  of  any  of  said  keys, 

-  a  watching  means  for  watching  the  occurence  of  said  trigger  signal  and  

delivering  a  substi tute  trigger  signal  if  no  trigger  signal  is  d e t e c t e d  

within  a  p rede termined   waiting  t ime .  
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1  22.  The  apparatus  as  claimed  in  claim  22,  cha rac te r i zed   in  that  said  th i rd  

random  generator  (212)  has  an  average  delay  time  which  gets  shorter  as 

a  function  of  operating  t ime .  

5  23.  The  apparatus  as  claimed  in  claim  20,  cha rac te r i zed   by  further  compr i -  

sing: 

-  a  comparator   means  (254)  with  a  first  input  coupled  to  the  output  of  
said  a r i thmet ica l   and  logical  unit  (250),  a n d  

-  a  constant  memory  (252)  coupled  to  a  second  input  of  said  c o m p a r a t o r  
10  means  (254), 

said  comparator   means  (254)  comparing  the  output  of  said  a r i t h m e t i c a l  

and  logical  unit  (250)  with  treshold  values  of  cathegories  stored  in  sa id  

comparator   means  and  determines  the  cathegory  in  which  said  output  
falls. 

15  

24.  A  method  for  determining  the  cathegory  level  of  the  physical  condi t ion 
of  a  subject,  charac te r ized   by  comprising  the  steps  of  instructing  t he  

subject  to  perform  a  repet i t ive  sequence  of  p rede te rmined   gymnas t l ca l  
exercises  which  impose  a  physical  load,  sensing  the  occurrence  of  each  

20  exercise  detecting  the  heart  rate  of  the  subject,  recording  the  heart  r a t e  
in  the  end  moment  of  said  sequence,  instructing  the  subject  following 
said  end  moment  to  relax  for  a  predetermined  time,  recording  the  hea r t  

rate  value  in  the  end  moment  of  the  relaxation  period,  and  providing  t he  

weighted  sum  of  the  efficiency  of  the  accomplishments   of  the  exercises ,  
25  of  the  first  recorded  heart  rate,  and  of  the  relative  decrease  of  t h e  

heart  rate  during  the  relaxation  period  to  define  a  value  charac ter i s t ic   to  
the  actual  level  of  the  physical  condit ion.  

25.  The  method  as  claimed  in  claim  24,  charac te r ized   in  that  said  sequence  
30  comprises  a  p rede te rmined   number  of  exercises  and  said  efficiency  being 

expressed  by  the  time  required  for  accomplishing  said  sequence .  

26.  The  method  as  claimed  In  claim  25,  charac te r ized   In  that  the  number  of  

exercises  which  should  be  made  till  the  end  of  said  sequence  being  dis- 
35  played. 

27.  An  apparatus  for  determining  the  level  of  the  actual  physical  condit ion 

of  a  subject,  charac te r ized   by  compris ing:  
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1  -  a  pulse  sensor  (20)  engaging  a  finger  of  the  subjec t ,  

-  a  heart  rate  meter  (52)  coupled  to  said  pulse  sensor,  

-  a  means  for  detecting  the  efficiency  of  an  exercise  made  by  the  sub- 

ject,  said  means  compr ises  

5  -  a  means  (314)  for  detecting  the  accomplishment   of  every  exerc ise ,  

and  a  means  for  detecting  the  end  of  a  sequence  of  exercises ,  

-  a  first  store  (320)  coupled  to  said  heart  rate  meter  (52)  and  to  said  " 

means  for  detecting  the  efficiency  to  record  the  heart  rate  in  the  end  \ 

moment  of  said  sequence ,  

0  -  a  timer  (306)  set  for  a  predetermined  time  and  started  in  the  end 

moment  of  said  sequence ,  

-  a  second  store  (322)  coupled  to  said  heart  rate  meter  (52)  and  to  

said  timer  (306)  to  record  the  heart  rate  in  the  end  moment  of  t he  

timing  of  said  t imer ,  

.5  -  an  ar i thmetical   and  logical  unit  (32k),  which  on  the  basis  of  the  de-  

tected  efficiency,  of  the  two  recorded  heart  rate  values  and  of  

constants  charac ter i s t ic   to  the  subject,  determines  a  level  r ep resen t ing  

the  actual  physical  condition  of  the  subject .  

10  28.  The  apparatus  as  claimed  in  claim  27,  charac te r ized   in  that  the  means 

for  detecting  the  end  of  the  sequence  is  a  counter  with  a  count  changed  

at  the  accomplishment   of  each  exercise  and  having  a  length  equal  to  the  

predetermined  number  of  exercises  in  said  sequence,  and  said  means  for 

detecting  the  efficiency  comprises  a  time  meter  measuring  the  time  r e -  

25  quired  for  accomplishing  said  sequence .  

29.  The  apparatus  as  claimed  in  claim  28,  charac te r ized   by  further  compr i -  

sing  a  display  (56)  indicating  the  number  of  exercises  which  should  be 

carried  out  till  the  end  of  the  sequence .  

30 

30.  A  circuit  ar rangement   for  measuring  the  heart  rate  of  a  subject ,  

character ized  by  compris ing:  

-  a  pulse  sensor  (20),  Including 

a  light  emitting  diode  (62)  and 

35  a  light  sensitive  transistor  (64)  with  current  depending  on  an  incident  

light  flux  from  the  light  of  said  diode  (62)  following  passage  through  a 

finger  of  the  sub jec t ,  
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1  - a   means  (68)  for  adjusting  the  current  flowing  through  said  diode, 

-  a  current  generator  (66)  coupled  in  series  with  said  light  sens i t ive  

t rans i s to r ,  

-  a  regulating  means  (70)  with  an  Input  controlled  by  the  difference  of  

5  the  current  flowing  through  said  transistor  (64)  and  the  current  of  said 

current  generator  (66),  said  means  having  integrating  properties  with  a 

time  constant  of  about  1  to  2  s,  the  output  of  said  regulating  means  

(70)  is  coupled  to  said  current  determining  means  to  adjust  the  c u r r e n t  

thereof  (Fig.  7). 

1 0  

31.  The  circuit  ar rangement   as  claimed  In  claim  30,  charac ter ized   In  t h a t  

said  regulating  means  (70)  has  a  reference  Input  for  receiving  a  d i r ec t  

current  voltage  for  adjusting  an  optimum  working  point  for  said  light 

sensitive  transistor  (64). 

1 5  

32.  The  circuit  a r rangement   as  claimed  in  claim  31,  further  comprising  a 

differential   amplifier  (72)  with  Inputs  coupled  to  the  Inputs  of  sa id  

regulating  means  (70)  and  an  output  for  delivering  a  heart  rate  signal. 

2 0  

2 5  

3 0  

3 5  
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